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@ SC Eutectrol Cas Carburizing is 
a very simple process. No expen- 
sive or delicate equipment is 
required and when properly con- 
ducted there is nothing mysterious 
about it. After the carburizing at- 
mosphere has been adjusted at the 
time the furnace is placed in opera- 
tion, it is necessary only to see that 
the gas lines are clear by a periodic 
inspection. Unvarying gas flows 
have been maintained over long 
periods of furnace operation. 

The carburizing gas is simply and 
inexpensively prepared ...is easily 
adjusted to produce a case of any 
required characteristics as to car- 
bon concentration and uniformity 


of gradation. In many instances the 
parts are being quenched direct 
from the carburizer. 

This process is replacing in many 
instances the use of solid com- 
pounds because of its ease of con- 
trol and cleanliness. It is well 
adapted to production line opera- 
tion since the parts treated are 


clean and ready for the next man- 
ufacturing step. 

More than 50 installations of SC 
Eutectrol Gas Carburizing Furnaces 
—both batch and continuous— in- 
dicate a definite trend to this form 
of carburizing. Write for additional 
information. 

SURFACE COMBUSTION CORPORATION, Toledo, Chio 
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You Wouldn’t Intentionally 


Handicap Skilled Hands 


@ It is often hard to determine from cost sheets exactly 
how much the unseen qualities of steel affect the produc- 
tion of your skilled shop men. If bars do not machine 
uniformly, if hard spots break or dull tools, if bars are 
too hard for bending and forming, if alloy steel parts must 
be re-treated to secure desired physical properties—then 
up go costs, down go profits. 

This is one of the reasons why Ryerson has spent years 


in building up stocks of better, more uniform steels—steels 
worthy of the Ryerson seal of Certification. 


All Ryerson certified carbon steels are made to rigid 
specifications that assure the most desirable qualities in 


RYERSON 


Principal products in stock for Imme- 
diate Shipment include—Bars, Struc- 
turals, Shafting, Plates, Alloy Steel, 
Tool Steel, Spring Steel, Iron and 
Steel Sheets, Stainless, Babbitt, Strip 
Steel, Weiding Rod, Tubing, etc. 


each particular type of steel. Ryerson certified alloys are 
from selected heats in which the hardening factors (analy- 
sis, grain size, etc.) are within a narrow range that as- 
sures uniform heat treatment response. 


With every shipment, large or small, Ryerson sends 
accurate data on the chemical and physical properties 
of the alloy bars furnished. This added service is given 
without additional cost or obligation. 


When you need steel—steel that responds to skilled 
hands and keeps production flowing smooihly—specify 
Ryerson Certified Steels. Stocks are complete and im- 
mediate shipment is assured. 


Joseph T. Ryerson & Son, Inc. Plants at: Chicago 
Milwaukee, St. Louis, Cincinnati, Detroit, Cleveland 
Buffalo, Boston, Philadelphia, Jersey City 
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Control 


of Lead in 


the Steel Plant 


By EDWIN DUDLEY MARTIN 
Assistant Chief Metallurgist 

In Charge of Development and Research 
The Inland Steel Co 


HAS BEEN DISCOVERED THAT LEAD, 
in concentrations as low as 0.25',, when prop- 
erly distributed imparts beneficial qualities to 
steel. Machinability is so enhanced that 
increases in output of 20 to 100° and averaging 
around 40° have been obtained with the same 
equipment. The vital savings made are obtained 
practically without sacrifice of mechanical prop- 
erties, such as tensile strength, impact resistance 
and hardness. This has naturally resulted in the 
rapid adoption of these new lead-bearing steels 
known as “Ledloyv”. Their manufacture and 
use has raised two questions: “What is the 
extent of health hazard involved?” and “How 
can such a hazard be controlled?” While lead 
is new as an alloy in steel it is not a new-comer 
to steel plants making terne plate or galvanized 
sheets. 

Lead is a useful metal to man. It is found 
in many products of industry, such as paints, 
electric batteries, solders, certain brasses. 
bronzes and bearing metals, insecticides, glass. 
and “ethyl” gasolines. It is one of many toxic 
substances encountered in industry. Widely dis- 
tributed in nature, small quantities are present 
in many foods that we eat and often in water 
that we drink. [See reference (1), listed on 
page 521.) No man has been found who con- 


tains no lead in his body in fact, the human 
body possesses a system for eliminating lead 
Which functions as a daily, normal process. 
Whether lead is harmful or not to humans 
depends entirely on the form in which it exists 
and its concentration. lodine, for example, is a 
poison if too much is taken as a single dose, and 
vet iodine is essential to the human bodys 
deficieney causes goiter. It is often prescribed 
as a medicine for other ailments 

A proper estimation of the extent of any 
health hazard must include a consideration of 
four major points: (a) Man's ability to absorb 
and eliminate lead, (fb) the permissible levels of 
concentration in the atmosphere, (¢) determina- 
tions of lead concentration levels encountered 
during manufacture, (d) clinical findings on the 
examination of men presumably exposed. A 
proper control of any health hazard so found 
includes a determination of the severity of 
exposure, the elimination of unsafe exposures, 
and examination of men involved by methods 
and at intervals adequate to indicate any 
absorption of lead above the abilitw: of the 
system to eliminate by normal physiological 
processes. 

It is the purpose of this article to inquire 
into the above points, Fortunately, it can be 
stated at the outset that the hazard involved is 
very much less than in most other industries 
using lead, chiefly because of the low concen 
tration of lead in the steels to start with, and 
also because of the successful control of the 
health hazard by methods already thoroughly 
tested in other industries. At the Indiana Har- 
bor plants of the Inland Steel Co. where the 
commercial manufacture of lead-bearing steels 
was first developed and has been carried on for 
a long time, not a single man has shown clinical 
evidence of any abnormal absorption of lead 
It is here that all our data were obtained. 

The medical profession and industrial 
hygienists have conclusively established the fact 
that lead in the form of the metal or its oxide 

the two forms with which we are immediately 
concerned is absorbed very litthe through 
the skin. Even if eaten, most of the lead passes 
on through in the feces. The major absorption 
occurs through the lungs. It is because of this 
that we are chiefly interested in the concentra 
tion of lead in the atmosphere. What = is 
absorbed through the lungs in breathing an 
atmosphe re with a given concentration of lead 
will depend upon the size of the particles. While 
fume, or very fine particles of condensed lead 


(probably as oxide in this case) has the greatest 
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surface area exposed, much of it 


is breathed right out again like 


tobacco smoke (2. 5). 

Lead is eliminated through the 
feces and the urine. That which is 
climinated in the feces has prob- 


ably not entered into the blood or 


other circulating fluids of the body; 
it has simply passed through the 
alimentary canal, down through the 


stomach and the intestines. Even 


lead originally captured in the 
upper respiratory passages and the 
lungs may be lifted with mucus in 
the normal disposal action and 


swallowed. That which is absorbed 
by the fluids of the body may be 
quickly eliminated in the urine or 
it may be temporarily or perhaps 
permanently stored in the bones 
where it can act as Nature’s balance 
wheel to take care of temporary 
large intakes of lead (1). 

Chis mechanism of absorption and elimina- 
lion is functioning continuously to take care of 
the lead which man nermally encounters in the 
food he eats, in the air he breathes and the water 
he drinks (5,6). Lead “intoxication” results it 
he over-indulges and various dire consequences 
can result if this over-indulgence is persistent. 
Much has been discovered by medical research 
in recent vears (1,5. 6. 9, 10,12) about the phys- 
iological effects of lead and proper treatment of 
cases of abnormal lead absorption. Members of 
the medical and safety staff must of course 
bring themselves up to date on these facts. An 
effective control to protect workers in a plant 
keeps the intake of lead within the quantities 
Which can be passed on by the normal processes 
of elimination. The changes in the blood and the 
level of concentration in the urine are used as 
clinteal measures of the level of lead absorption 
and analysis of the feces gives data which help 
to estimate the level of current lead exposure 

Realizing that man can normally eliminate 
a certain amount of lead, that there must be a 
certain level of dailv intake which is safe, and 
further that his greatest absorption occurs from 
lead in the air he breathes, much work has been 
done to establish a “threshold value” of lead 
in the atmosphere. This is the level of con- 
centration below which it is safe and above 
which a health hazard is presumed to exist. 
This threshold value is the average level of 


exposure for S hr. out of every 24. In other 


veloped Equipment. 
wherein a measured amount of air is jetted through one or more baffled 


bottles in series. 


Sampling of Atmosphere for Traces of Lead is Done in Well De- 
{bove are the elements of a “large” impinger set, 


tubes containing a highly charged electrostatic field wherein solid 
or liquid particles become electrified and are drawn to the tube walls 


words, exposure during 8 hr. of every day at the 
average level of concentration of lead known 
as the threshold value will not result in absorp- 
tion of lead bevond the quantity which can be 
eliminated by man’s normal protective proc- 
esses. Since a man at reasonably hard labor 
will breathe approximately 10 cu.m. of air a 
day, the threshold value is usually given as so 
many milligrams of lead in 10 cu.m. 

he threshold value has been set by differ- 
ent investigators at slightly varving levels of 
concentration. Legge and Goadby (7) as the 
result of work done in England prior to 1912 set 
itat 5.0 mg. per 10 cum. Work in this country 
has indicated levels of 3.0 mg. per 10 cu.m. of 
air, and values have been set as low as 1.5 mg. 
Dr. Ro A. Kehoe. an outstanding authority in 
this country, has stated (12): “In my opinion, 
the figure which Bloomfield and his associates 
in the U.S. Public Health Service| have taken 
of approximately 3 mg. of lead per 10 cu.m, of 
air has been substantially established as_ the 
threshold of toxicity for inhaled lead.” The 
U.S. Department of Labor has indicated 1.5 mg. 
per 10 cu.m, as “advised” by the U. S. Public 
Health Service; this lower figure seems to rest 
on a less secure foundation than the figure of 
5.0 mg. for the metal lead or its oxides. 

Whether or not a health hazard exists in 
the various operations involved in = making 
Ledloy steels and the extent of any existing 
hazard can be indicated by proper sampling of 
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the atmosphere breathed by exposed men and 
determining the lead content. 

Effective air sampling methods together 
with the equipment involved have been 
recorded in the literature (references 13 to 16) 
so only a brief description will be given here. 
In the “impinger” equipment air is) sucked 
through absorption bottles at a measured rate 
by a suction pump. The particles of dust and 
ageregates of particles are wetted by displacing 
the air envelope surrounding them (17, 1). 
This is facilitated by impinging the stream of 
dust-laden air on a wetted surface where the 
momentum of the particles causes them to 
break through the air envelope and enter the 
liquid. Portable equipment is shown in the 
lirst engraving; normally one or two of the 
absorption bottles are used but in taking all of 
the samples reported later four were set. in 
series to improve the recovery. In each pyrex 
absorption bottle 125 ml. of double-distilled 
water acidulated with 2 ml of concentrated 
nitme acid was used as the absorbing liquid. 
lhe rate of flow of the air through the bottle 
inust be regulated to secure eflicient collection. 

Two impinger equipments have been 
adopted by the U.S. Bureau of Mines. One is 
the “midget” or “small” impinger and the other 
is the “large” impinger. Two of the large equip- 
ments were used by us. 

Since threshold values were originally 
determined with the impinger equipment, the 
concentration levels of lead found by us in the 
steel mill and elsewhere by this sampling 
method may be compared with the threshold 


value adopted. It should be pointed out 
that very minute particles in “fume” are 
not caught by the impinger equipments 
(17, 18). It is probable that particles 
small enough not to be captured 
under micron (18) would not be 
caught in the lungs either (2. 5). Tlow 
ever, to determine what lead would pass 
through the impinger absorption bottles 
but be caught by electrostatic precipi 
tation, tests were also run with the 
impinger equipment and an electrostatic 
sampling equipment ino series, the an 
first being drawn through the absorption 
bottles and then through the electro 
static precipitator. Very tine lead oxide 
particles in the air have tendeney 
to come together, forming aggregates. 
Thus the efliciency of the impinger is 
increased with relation to the electro 
static precipitation unit as time eclapses after 
the formation of the fine dust or fume (17) 
The quantities of lead collected are very 
small. One gram would raise 118,000 cu.ft. of 
air to the threshold value adopted. Usually a 
sample represents 25 to 50 cu.ft. of air drawn 
through the equipment and so would contain 
to 0.0001 if the air were at the thresh- 
old value. Great precaution must be taken to 
have lead-clean surfaces and lead-free material 


in contact with the air and absorption liquids. 


Vethods of Analysis 


In general, the quantities of lead involved 
are too small for gravimetric determination, so 
colorimetric chemical methods with a very sen 
sitive organic compound color reaction and 
spectro-chemical analysis have been resorted to, 
The various methods and some modification of 
them have been described in the technical liter 
ature listed in references 19 to Sl. 

A practical and accurate quantitative pro 
cedure is modification of Fischer and 
Leopoldi’s dithizone method (25, 26). Lhe 
method used lyn us tis that described bry Winter, 
Robinson, Lamb and Miller (27). and is’ the 
method used in the Industrial Hygiene Labora 
tory of the Chrysler Corp. (28). The “mixed 
color” modification of Clifford and Wichmann 
(22, 28, 29) is not emploved, although it has 
been found accurate. All these modifications 
of Fischer and Leopoldi’s method use the 
extremely sensitive diphenyl-thiocarbazone 


(“di-thi-zone” for short). 


Vay, 1939; Page 459 


* 
| 
/ 
fee 
a 
| 
ime 4 
> 
an 
“¢ a 
» 
“ag 
yf 
ap 
| 
4 
| 
| 
| 
at 


Bv the use of the neutral wedge photometer 
increased speed of analysis with good accuracy 
has been obtained. For analyzing biological mate- 
rial particularly, the spectro-chemical method (30, 
$1) has been found accurate and expeditious. 

In judging by air sampling what the exposure 
to workmen may be, and in comparing the results 
of such sampling with the threshold value, several! 


important points must be kept in mind. The 


threshold value of, say, 3.0 mg. in 10 cu.m. of air 
means that aman may be considered to be in sur- 
roundings not hazardous to his health if he is 
exposed during & lr. out of every 21 to atmosphere 
containing lead in the average concentration of 
3.0 mg. in 10 cuam. During the & hr. he may be 
exposed for a short time to a higher concentra- 
tion, but this must be balanced by a_ suflicient 


period of exposure to lower concentration. “Grab 
samples” taken at random have little significance 
except to show the concentration at a particular 
time at a particular place. Sampling of air in 


Peak Concentrations Before Hoods Were Installed 
(Mg. lead in 10 cu.m. air) 


LOCATION NUMBER HtGgHest Lowest AVERAGI 
10-in. mill 
Near No. stand 5.40 3.05 
Discharge end of 
furnace l 2.29 
14-in. mill 
Near furnace 1 O.706 
Near No. 1 stand 1 1.76 
Near finishing rolls 1 3.18 
28-in. mill 
Pulpit l 2.47 
Structural saw 1 3.18 
{0-in. blooming mill 
Rollers’ pulpit 1 3.88 
Roll stand a 12.00 0.423 1.78 
Billet dock 12 11.65 2.69 6.64 
No. 2 openhearth 
No. 3. stand | 10.24 
No. 4 stand 2 17.00 10.09 14.12 
Pit side 1.41 16.47 
36-in. blooming ill 
Pulpit 12 Lad 6.00 
Roll stand 17 
Motor roou 93.30 1.41 7.91 
Soaking pits 1 0 
Shears 
Control house 2 2.82 1.41 2.12 
West of shears 3 1.41 0.28 O.08 
South of shears 2 1.48 1.41 1.45 
Billet mill 
No. 1 pulpit » 1. 1.06 1.06 
19-in. mill 
Speed control 
pulpit 1 1.06 
East of shears | 3.88 
No. 1 openhearth 
Baleony at pit side 16 96.72 0.39 14.4 


Hourly Averages After Hoods Installed 
(Mg. lead in 10 cu.m. air) 


OPENHEARTH POURING STAND 36-IN. 
SOAKING Pits 
Jan. 18,1939 Jan. 27, 1939 Jan. 27. 1939 
0.233 0.208 0.159 
0.328 0.543 0.292 
0.547 0.773 (a 0.294 (a 
0.123 0.552 0.677 
1.458 (a? 0.032 0.395 
0.360 0.187 0.716 
0.276 0.434 0.116 
0.219 0.095 0.219 
Avy. 0.443 Av. 0.424 ¢¢) Av. 0.358 ¢d) 


(a) Heat of Ledloy steel poured while sample 
was collected. 

(b) Same heat being charged into pits. 

(c’) Maximum results (on another date) gave 
1.54 max., 0.47 min., 0.90 av. for turn at this location. 

(d) Maximum results (on another date) gave 
2.37 max., 0.18 min., 0.84 av. for turn at this location. 


what are considered to be the locations of 
greatest hazard and purposely trying to get 
the worst conditions, has value as indicating 
the peak of exposure. If this is below the 
threshold, obviously no hazard exists. If it 
is found to be over the threshold value, a 
series of samples taken over a period of 8 hr. 
is necessary to determine whether or not the 
location is hazardous, and the time of expo- 
sure of each workman must be known to 
determine whether a hazard is involved. 


Peak Concentrations 


In an endeavor to determine where there 
was any possibility of the existence of a 
health hazard during the first months of pro- 
duction of Ledloyv steels at Inland, all air 
sampling was done with the intention of 
measuring only peaks of concentration of 
lead in working environments. Samples were 
accordingly collected in the thickest parts of 
visible fume drift. Sampling periods were 
intentionally restricted to avoid the effect of 
dilution by air not heavily contaminated. 
The tirst table shows the results. 

After these initial trials had shown that 
relatively high peak concentrations existed 
during the pouring of Ledlow heats, an 
ingenious but simple and effective exhaust 
system was installed. In the early stage of the 
development large fans were used to blow 
the fume away from the pouring stand, and 
highest concentrations were found directls 
in the drift of fume which was sampled 
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on the balconies of the pit side of the furnaces. 
After the installation of the exhaust system, the 
maximum exposure point shifted to the pour- 
ing stands and even there the peak concentra- 
tions were much lower than they had been 
when fans were used. This is shown by 11 
samples taken in No. 1 openhearth shop next 
to men adding lead to ingot molds during the 
pouring of a leaded heat; highest peak was 
10.91\ lowest peak was 2.12, and average peak 


was 1.62 mg. per 10 cu.m. In No. 2 openhearth 


Sampling the Air Near an Openhearth 
Furnace With Impinger Epuipment 


one sample was taken following along with the 
men adding lead as they moved from ingot 
mold to ingot mold; this showed 1.11 mg. per 
10 cu.m. of air. 

Following the location of peak exposure 
points, a series of tests was made over continu- 
ous &-hr. periods at many locations. Samples 
were taken continuously during each hour with 
the large impinger equipments. — Illustrative 
examples of the results obtained are shown in 
the second table. All results of sampling the air 
in the openhearth department after installing 
the exhaust equipment have indicated that con- 
centrations are well below the threshold value. 

There are two blooming mills at Indiana 
Harbor on which Ledloy steel is rolled. The 
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o6-in. mill building is an old one and is hemmed 


in by adjoining structures, Its natural ventila 

tion is considerably less than is customarily 
found in blooming mills. The 10-in, blooming 
mill is modern and the ventilation is of the 
quantity one would expect to find in a mill of 
ordinary construction and not too close to other 
buildings. Naturally, therefore, the concentra 

lions of lead in the atmosphere at the latter mill 
were considerably lower than those at the S6-in. 
mill. Representative figures for the metallut 

vists’ platform in the 36-in. mill show LOL mg. 
lead per 10 cuam. air during pouring of Ledloy 
heats and O<.05 minimum at in-between periods, 
or an average of Maxima in the rollers’ 
pulpit were 6.55, 5.68 and 5.68 on three days 
recently; corresponding minima were 0.12, 0.02, 
and 0.10, and the respective averages were 1.10, 
1.06 and 1.10 mg. per cucm. If found necessary, 
the pulpit and metallurgists’ observation post 
in this mill could be kept under positive pres 
sure, thus preventing infiltration of contami 
nated air, by blowing air into the room from 
out-of-doors (through a unit-twpe heater in win 
ter), However the continuous sampling over the 
working period of 8 hr. indicates that no hazard 
exists under present conditions, 

Air sampling in the merchant mills indi 
cates that no hazardous exposure exists there. 
In searfing no hazard exists unless a man is 
engaged over many hours of cach day on Ledloy 
steels and the conditions are such that he gets 
in the drift of fume. Precautions could easily 
be taken by rotating men, distributing the work, 
or by an exhaust or other protective system. 

In all, over 250 samples have been taken of 
the atmosphere in working spaces at Inland 
plants in determining where a health hazard 
might exist. At the point of addition of lead to 
the steel a hazard was found but this was 
promptly eliminated by the design and use of 


an efficient exhaust system. 
Contamination of Outside Atmosphere 


There are only two points in our manufac- 
ture at which lead fume is exhausted directly to 
the outside atmosphere, These are the discharge 
from the exhaust system at the openhearth 
pouring stands and the stack gases from open- 
hearths melting Ledlov butts and scrap con- 
taining lead. 

Concentration of lead due to discharge at 
these points has been estimated by two methods; 


(a) by determining the quantity of lead dis- 
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Sampling Air Breathed by the Roller in the Pulpit of a Blooming 
Vill. Sampling tube is at level of roller’s head; electrostatic 
equipment for catching fume is only partly visible at lower left 


charged and calculating the dilution in the 
surrounding atmosphere; (b) by direct sam- 
pling of the air at various locations, including 
particularly the direct drift of the gases dis- 
charged. 

Calculations based upon a charge in a 
100-ton furnace of which 12.5 tons is lead-bear- 
ing steel containing 0.25% Pb, assuming that all 
of the lead goes out as fine dust in the atmos- 
phere during the 6-hr. melt-down period, and 
further assuming a threshold value of 3.0 mg. 
in 10 cu.m,. of air, indicate that such a furnace 
could discharge into a block of air one mile 
cube continuously for 15.900 hr. or approxi- 
mately 11 days before reaching an average con- 
centration in such a hypothetical block of still 
air equal to the threshold value. Again, the 
records of the U.S. Weather Bureau show that 
the grand average wind velocity in the Chicago 
district for the past 28 years is 11.8 miles per 
hour. The air passing through a frame normal 
to the wind at this velocity is such that an open- 
ing 118 ft. square will dilute the stack gases to 
threshold value. 

These are merely attempts to make com- 
prehensible the approximate volumes of air 


required for dilution. All 
actual air samples taken out- 
of-doors have been within 
the threshold value. 

The peak of contami- 
nation of the surrounding 
atmosphere during the 30 
min. of heaviest discharge 
from the exhaust system 
at the openhearth pouring 
stands during the teeming of 
lead heats has been shown 
to be within safe limits by 
air sampling at varying dis- 
tances from the stack in the 
direct drift of the smoke and 
fume. In order to get peak 
concentrations these samples 
were taken only during the 
25 min. required to teem a 
lead heat. 250 ft. from the 
stack the air contained 1.74 
mg. in 10 cum. 50 ft. fur- 
ther the figure had dropped 
to 0.42 mg., and 1100 ft. from 
the stack the lead had been 
diluted to 0.35 mg. Making 
one heat of lead-bearing 
steel a day, these concentra- 
tions would exist only in the direct drift of the 
smoke for approximately 3‘° of the time and 
the points of maximum concentration will be 
changed in accordance with shifting of the wind. 
Thus the average concentration at any given 
point is very low. 


Contamination of Furnaces 


To determine what health hazard might 
exist in cleaning, repairing and rebuilding 
openhearth furnaces, some sampling was done 
of the dust accumulated in passages of the 
regenerator chambers and flues of a furnace in 
which 955,200 Ib. of Ledloy steel butts had been 
charged, distributed among 56 heats, none how- 
ever exceeding 23,400 Ib. of leaded steel in the 
heat. Results follow: 

Furnace bottom (about 20 in. in front of the 
tap hole) at its lowest point; sample taken from 
surface: Nil. 

Furnace banks at back, opposite No. 3 door 
at top of slag line: Nil. 

Slag from bottom 6 in. of layer in east pocket 
‘all slag samples at center of slag pocket): Nil. 

Middle of the slag in east pocket: Nil. 
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Slag 4 in. below top of slag at end of campaign 
in east pocket: Nil. 

Flue dust from top of checkers 3 ft. trom bulk- 
head in west end: Nil. 

Flue dust under checkers on floor of cheeke: 
chamber 3 ft. in from start of flues at west end. 
1 in. under surface of dust: 0.63° 

Flue dust under checkers on floor of checker 
chamber 3 ft. in from start of flues at west end. 8 in 
under surface of dust and 2 in. from floor pave- 
ment: Nil. 

Flue dust from center of flue at separation ot 
tunnels for boiler and stack, 1 in. below surface 
of the dust: 2.38 . 

Flue dust from center of fue at separation of 
tunnels for boiler and stack, 5 in. below surface 
of the dust and 2 in. from flue paving: 0.17% 

It is indicated that there is no retention of 
lead in furnace bottoms, banks or slag. ‘The 
only accumulation found is from dust settled 
at certain points, probably where decreased 
velocity of gases or changes in direction favor 
the dropping of larger particles. 

Since it is probable that only particles of 
relatively large size, aggregates of particles, or 
accretions could lodge against the sweep of the 
gases, it is probable that simple masks of 
approved type would provide suflicient protec- 
tion to any workmen engaged in cleaning gas 
passages. The ability of various masks to filter 
out such dust will be checked, and air samples 
to determine whether a health hazard exists 
will be taken when another furnace is down 
into which lead butts have been charged. 

No deleterious effects have been noted on 
any equipment. The one point about which 
question has been raised is its effect on furnace 
bottoms. Long before the manufacture of lead- 
bearing steels, stalactites or icicle-like forma- 
tions of lead have been observed hanging from 
the under side of hearths. The lead probably 
comes from solder contaminating the steel 
scrap, including that in de-tinned scrap tin cans 
from tin recovery plants, and from bearing 
metals or other miscellaneous leaded material. 
Although the lead has obviously penetrated the 
bottom completely, no harmful results have 
been noted. From the analyses presented above 
it is apparent that lead does not remain in the 
refractories in contact with the metal bath or 
slag. Since it is not found in the slag either, it 
is probable that practically all of it goes out the 
stack. Lead boils at 2940° F. and _ litharge 
(PbO) boils at 2682° F. Likewise oxides of lead 
are at least partly reduced by iron. However, 
since litharge boils at temperatures reached in 


the openhearth furnace, we have sume scientitic 
evidence to corroborate the practical indication 


that lead is distilled off as lead oxide 


Handling Lead-Bearing Steel Scrap 


li has been asked whether lead-bearing 
steel scrap should be segregated from other 
scrap during its collection or its preparation for 
remelting. Tests made at Inland show that the 
lead is completely removed in the furnace and 
does not change the properties of steel mad 
In one such test 23'. of a total charge of 201,000 
lb. was lead-bearing bloom butts. Analysis of 
stack gases showed the lead coming off dur 
ing the melt-down period. A bath test at start 
of the lime boil showed 0.0089°, Ph, indicating 
that the greater part of the lead was already 
removed, When the bottom was just clear the 
bath test showed 0.00315 Pb. A ladle test at 
the middle of the heat showed only 0.0013°% Pb 

It can therefore be said with assurance that 
it is unnecessary to segregate lead-bearing scrap. 

After having completed an initial survey of 
operations to make known any health hazard 
that may exist and after having reduced the 
lead concentrations to averages below the 
threshold value, it is still important to maintain 
an efficient control by periodic air sampling and 
by adequate medical supervision. 

The method of control by air sampling has 
been illustrated. An additional factor is the 
possible build-up of lead in dust on structural 
members, crane runways and dirt floors. By 
studying the level of concentration when opera- 
tions on leaded steels are nol being performed, 
it is possible to detect any slow increase. 

Control by medical supervision should 
include a physical examination at commence- 
ment of employment and subsequent routine 
examinations at intervals dependent upon the 
degree of exposure of the men. Such examina- 
tions include checking of the blood, and, in 
some cases, analysis of the urine and feces to 
determine whether abnormal lead concentration 
levels are present. Since it is already common 
practice to give employees in steel plants medi- 
cal examinations and to have a system of plant 
inspection to determine and eliminate health 
hazards, no extensive changes or great expense 
are involved. 

As a useful metal to man, lead is found in 
many industries. It has again proved its versa- 
tility by making possible better steels, Associ- 
ated with lead there is (Continued on page 518) 
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Like This One of 1,000,000-Lb. Capacity, Are Necessary for Making Metal Powder 


Hydraulic Press 


Huge 


Courtesy ES. Patch of Moraine Products Division, General Motors Corp. 


Compacts of Considerable Area. 
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Metal 


Powders: 


Characteristics 


and Products 


By GREGORY J. COMSTOCK 
Manager, Metal Powder Products Division 
Handy and Harman, Bridgeport, Conn. 


‘te PRODUCTS OF POWDER METAL- 
lurgy must essentially consist of particles which 
are bonded together. 

It has been demonstrated in practice that 
this bonding can either be complete or partial 
and the products either dense or porous, Poros- 
ity is encouraged in the production of such 
things as bearings and bushings, but is discour- 
aged in more instances, particularly in the 
production of tool materials and the ductile 
forms of the refractory metals. 

Established products of powder manipula- 
tion demonstrate that particle bonding of two 
general types is possible. In one, particle-to- 
particle adhesion is developed (without melt- 
ing) which closely resembles the intercrystalline 
bonding of cast materials. In the other type the 
bonding is effected by the cementing action of a 
constituent which is molten at some stage of the 
consolidating operations. Tungsten filaments 
are an example of the first, the hard cemented 
carbides of the second. In the October 1938 
issue Of Merat Progress I expressed the opinion 
that in general the cementing of metallic par- 
ticles by a molten bonding agent is the less 
versatile of these two methods of attachment. 

Among the other essentials of powder 
products are that they consist of combinations 


of similar metallic particles, mixtures of parti- 
cles of different metallic substances, or combina- 
tions of metallic and non-metallic particles. The 
familiar forms of tungsten, molybdenum and 
tantalum are examples of the bonding of similar 
metal particles. Elkonite, a proprietary metal 
powder product employed for welding elec- 
trodes, is an example of the bonding of the 
dissimilar metallic particles tungsten and cop- 
per. Silver-graphite contact material is a com- 
bination of metallic particles with non-metallic. 

Powder products consisting of combinations 
of dissimilar particles can be classified into two 
further types. One type consists of powder 
combinations of metals which display an aflinity 
for one another. The other type consists of 
powder combinations of metals which have no 
appreciable tendency to be miscible in any state. 
The copper-tin bearing may be regarded as an 
example of the first mentioned; silver-nickel, a 
ductile metal powder contact material, an illus- 
tration of the second, 

Powder products originally composed of 
mixtures of metallic particles which have an 
aflinity for one another may be manipulated so 
that the final product consists either of an alloy 
of the mixed powders, provided they are sus- 
ceptible to diffusion alloying, or of the mutually 
bonded but practically unchanged original pow- 
der constituents. Blue gold alloys and “alnico” 
magnets are examples of diffusion alloying. 
Silver-copper, silver-nickel-cadmium, and other 
metal aggregates have been made to illustrate 
the other possible type of unions. 

The physical characteristics of the product 
depend upon the final characteristics of the 
particles of which it is composed and the nature 
of the bond. The particle and the bond are 
therefore the two most fundamental considera 
tions of this art which must be studied in any 
development of new products or the manipula- 
tions which are involved in their production. 

The Particle 
strably possible in some circumstances either 
to change the character of the original metallic 


As has been said, itis demon- 


particles by diffusion alloying, or to leave them 
relatively the same after the bonding has been 
effected. In the logical development of this art 
platinum particles were first manipulated to 
bond adjacent similar particles to produce a 
pure ductile metal. This represents the simplest 
form of powder combination and involves the 
least difficulty. The next development of the 
art was also applied to the production of essen- 
tially pure metals and was also effected by 


May, 1939; Page 465 


: 
i 
: 
3 
on 
| 
4 
| 
4 
4 
a 
| 
fr > 
q 
4 
itd 
Sw 


Lach Batch of Powder Used in Manufacture of Hard Car- 
bide Tools Is Analyzed for Particle Size (a Frequency Curve 
Drawn) by Actual Count at 3000 Diameters of a Sample 
Dispersed ona Microscope Slide. This engraving, courtesy 
the Carboloy Co., is reproduced at 500 magnifications 


bonding adjacent metallic particles without 


forming appreciable quantities of a molten con- 


stituent. It was, however, applied to much more 
difficult metals than the ductile, non-oxidizing, 
and very weldable platinum powder. The indi- 
vidual characteristics of tungsten, molybdenum, 
and tantalum were such that although the sim- 
plest form of powder product was desired, the 


technique was infinitely more complicated. 


The next sequence involved a change to a 
mixture of different metallic particles, required 
alloving and the formation of unusual structural 
effects as well. The porous bearing with its con- 
tinuity of porosity involved manipulations of 
considerable complexity even though they were 
applied to very much less recalcitrant metals. 

The fourth combination to be established 


on a commercial scale not only involved the 
bonding of a metallic compound instead of a 


pure elemental particle but also a new type of 
bonding which was developed to meet the 
requirements thought necessary and desirable 
for the production of hard cemented carbides. 
The latest metal powder products give indica- 


tions of being still more complex in_ their 


makeup. The “alnico” magnet, at least in the 


form of its first conception, involved diffusion 


alloying of its metallic powdered constituents 


with the formation of finally bonded particles 


which were different in their character and 
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proximate composition from those of the 
original powder components. 

It is obvious, therefore, that the par- 
ticles which are bonded into metal pow- 
der products are progressively becoming 
more complex in character. One signifi- 
cant fact emerges from a study of them. 
None of the first established products of 
this art have involved the use of what 
might be called “alloy powders” unless 
the term can be broadened to include the 
hard metallic carbides. The latest prod- 
ucts, however, involve such alloy parti- 
cles, formed usually by diffusion alloying 
of the pure metallic components. This is 
in itself a fairly complicated operation 
either to conduct or to control. It would 
be eliminated if the alloys were available, 
ready made, in the form of finely divided 
powders. Bonding of such alloy particles 
would then revert to the simpler form 
which satisfactorily consolidates particles 
of pure metal. 

Development of alloys in powder 
form must, therefore, be regarded as being 

one of the primary objectives of powder metal- 
lurgy. Any commercial process for making 
alloy powders must be fairly simple and eco- 
nomical; it also must be applicable to any 
melted combination of the metallies if it is to be 
utilized to its fullest extent. Should the alloy 
steels, the common non-ferrous alloys, and 
some of the more complex alloys which have 
demonstrated their suitability for special appli- 
cations, become commercially available in pow- 
der form, a very real and important progressive 
advance in this art would be effected. If parti- 
cles composed of combinations of the immisci- 
ble metals were included a further advance of 
considerable magnitude might be anticipated. 

Commercial Powders — At the present time, 
however, the commercial metallic powders are 
chiefly the pure metals. Copper, nickel, cobalt. 
chromium, aluminum, magnesium, siliccn, lead, 
zine, iron, tungsten, molybdenum, tantalum, 
silver, gold, platinum, iridium, and doubtless 
others are available in powder form. Combina- 
tions of certain of these metallic elements are 
beginning to appear. Copper and lead or silver 
and molybdenum powders (prepared either by 
alternate or co-electrodeposition) are, as far as 
I can learn, the earliest of these bimetallic pow- 
ders to be made in even limited production. 
The carbides of tungsten, titanium and tantalum 
as well as quite an impressive list of other hard 
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carbides, borides and nitrides can also be 
secured for powder manipulations. Some of the 
more brittle of the ferro-alloys lend themselves 
to mechanical division and are prepared as 
powders by that means. 

Manufacturing Methods — Noel, Shaw and 
Gebert list the present method of powdering 
metals as follows: 

1. Machining. 

2. Milling (by ball, stamp or attrition mills). 

3. Shotting molten metal in water or air. 

4. Granulation by stirring molten metal while 
solidifying. 

5. Atomizing or disintegrating by steam or 
compressed air. 

6. Condensation of metal vapor. 

7. Dissociation of carbonyls. 

8 Reduction of oxide powders. 

9. Chemical precipitation. 

10. Electrolytic deposition. 

11. Sintering (for the production of alloy pow- 
ders in friable form). 

12. Formation of an alloy followed by dissolv- 
ing or otherwise removing one of the constituents 

Manufacture of metallic powders presents 
in itself an engrossing field for research and 
development. Its importance to the further 
growth of commercially applied powder metal- 
lurgy is self-evident. Obviously metal powder 
products must be made from metal powders. 
The availability of these powders, their com- 
position, the size and conformation of the par- 
ticles of which they are composed, and the cost 
of production in optimum form and size ranges, 
are questions asked when new metal powder 
products are considered. Due to the interest, 
enthusiasm and unflagging industry of a rela- 
tively few individuals this important phase has 
kept step with the commercial requirements. 
When specific powders have been demanded in 
quantity they have almost without exception 
been found to be available at a price which was 
not prohibitive. This represents no small 
ichievement and a great deal of credit is, there- 
fore, due to those who have been responsible. 

It is interesting to note that almost without 
exception the later refinements and improve- 
nents of established metal powder products 
have resulted from a further study and develop- 
ment of the particles of which they are com- 
posed. The regulation of particle shape and 
density, and the careful modulation of particle 
sizes has been responsible for surprisingly great 
‘improvements. The cemented carbide tools 
are a good example, as their efficiency has been 
most notably increased by this means. 


Views of *Infra-Sized™ Graphite Particles, Magni- 


fied 175 Diameters. Size ranges are respectively 


20 to 14 microns. 14 to 10 microns. and less than 10 


microns, 


Courtesy Hugh Brown of WS. Tyler Co. 
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Fretting Corrosion 


at Foreed Fits 


By G. A. TOMLINSON 
P. L. THorpt 
and H. J. GouGu 


Abstract of paper given March 3, 1939 before 
British Institution of Mechanical Engineers 


Mervat CORROSION AT THE CONTACT 
surfaces of closely fitting machine components, 
when subject) to vibration, has long been a 
source of considerable trouble. This corrosion 
must be distinguished from ordinary wear by the 
fact that it always occurs at contact surfaces which 
are for all practical purposes fixed in relation to 
each other. A common example is a_ ball race 
pressed on a shaft; the fitting surfaces, originally 
highly finished, are corroded and pitted in irregular 
patches, and usually a quantity of colored oxide 
debris is to be seen. The damaged areas on the two 
surfaces are generally almost identical, showing 
conclusively that the component has not moved 
during the process. Even foree fits and shrink 
fits may be subject to this destructive action, as 
shown by the brownish slime often seen oozing 
from the junction, 

Although the presence of oxidation products 
shows that chemical action accompanies fretting 
corrosion, the process nevertheless is almost cer- 
tainly not one of corrosion as ordinarily under- 
stood. This is shown by the fact that there is no 
deterioration of the surtaces if the assemblage is at 
rest; vibration appears to be an essential factor in 
the process. 

It is a peculiar feature that the susceptibility 
of the surtaces to attack appears to increase with 
the closeness of the fit and the degree of finish of 
the surfaces. It is frequently found on inspection 
that closely fitting surfaces of aircraft and automo- 
bile components are too much damaged to be 
reassembled, although in all other respects the 
parts may be quite serviceable. Furthermore, it is 
considered by some engineers that fatigue failures 
may be initiated by fretting effects, although there 
is no strong evidence either for or against this view. 

In the first experimental work, carried out at 
the National Physical Laboratories, three rings 
with squared, lapped surfaces were slipped over a 
shaft and fixed to individual lever arms. The annu- 


lar surfaces were squeezed together by calibrated 
springs and the center ring given a small vibratory 
motion by means of its arm linking into a Haigh 
alternating axial-stress machine, while the outer 
rings were held stationary. An optical system of 
very small mass attached to the rubbing surfaces 
magnified their motions so that 1 10-* in. could be 
measured. 

The results can best be appreciated from a 
description of a typical test with hardened steel 
specimens having clean, dry surfaces squeezed 
together under a normal stress of 6000 psi. If the 
measured relative movement of the surfaces in con- 
tact is plotted against the tangential force applied 
through the lever arms, a curve is plotted which 
looks like a stress-strain curve. That is to say, up 
to a point A, which in this case corresponds to a 
motion of about 20 10-° in. and tangential force of 
2500 Ib., the curve is a straight line leading from the 
origin; at A occurs a sharp break toward the hori- 
zontal. From the origin to point A the motion is 
one of elastic distortion of material very close to 
the surface, and the conditions are reproducible. 
Above point A_ the relative movement becomes 
erratic; it is a combination of elastic displacement 
and pure slip, the latter occurring at the ends of 
the stress cycle where the stress for a short time 
exceeds the maximum force of friction. 

A series of such tests shows quite definitely 
that slipping is a necessary condition for the occur- 
rence of fretting corrosion. Without exception, in 
all the experiments with no slip the surfaces are 
practically unchanged, and when slip occurs the 
surfaces are always corroded to a greater or less 
extent, and generally have the characteristic oxide 
debris spread over them in irregular patches. 

The experiments show that the presence of oil 
does not in any case prevent corrosion though it 
generally modifies the effect. The oil is never 
entirely forced out by the normal pressure. On 
examining the specimens afterwards, traces of oil 
in a dirty condition can be seen or wiped off the 
surfaces. It is probably all squeezed out, however, 
except for a very thin film which appears to be 
pierced at many places. There is little doubt that 
the metai breaks through the oil film, as the corro- 
sion markings are permanent and cannot be wiped 
olf, and the pattern on the one surface is always an 
exact facsimile of that on the other surface. No 
doubt the fretting action of the small alternating 
slip helps considerably in puncturing the film. 

In general, the softer alloys show more tend- 
ency to seize and less tendency to produce corro- 
sion debris than the hard steel. There is no 
difficulty in recognizing seized areas by their rough 
appearance and metallic luster. 

Stainless steel proved particularly liable to 
seize; the slip indicator showed the surfaces to be 
continually sticking and breaking away, and this 


action could even be (Continued on page 510 
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Effeet of 


Grain Size on 


Fatigue Strength 


By H. HABART AND R. H. CAUGHEY 
Metallurgical Department 

National Tube Co. 

Ellwood City, Pa. 


—_— OF THE AUSTENITIC 18-8 
alloys find that their products have structures 
which vary over a wide range with respect to 
“rain size. It is conceded that very little control 
can be exercised over the grain size in 18-8 
alloys throughout hot rolling and forging opera- 
lions, because the material in cooling does not 
undergo an allotropic change. However, it 
seemed of considerable interest to know some- 
thing of the specific effect of grain size, and to 
emphasize this condition two types of test bars 
were prepared, of which one was coarse grained 
Both 


The two types 


and the other fine grained. were soft 
annealed and totally austenitic. 
were tested for fatigue resistance in air (no 
liquid corrosion present) to determine whether 
the grain size of the material affected this par- 
ticular property. 

To eliminate differences due to chemistry, 


both types were prepared from a single 1.125-in. 
diameter bar having the following composition : 
Carbon 0.07°C, manganese phosphorus 
sulphur 0.009%, silicon O0.55°, nickel 
8.62°° and chromium 

After “soft 
from 1920° F.) the bar was cold drawn to 0.675 
The total reduction amounted to 


annealing” (water quenching 


in. diameter. 


614° and produced a cold-worked structure in 
which all the original austenite grains were 


thoroughly shattered. Auxiliary tests showed 
that this cold-worked 18-8 begins to recrystallize 
and that recrystalliza- 

(The 
It was 


when heated at 1200° F., 
tion is complete when heated at 1700° F, 
time at heat in these cases was 30 min.) 
also determined that the final grain size after 


recrystallization is dependent upon the time and 


temperature employed for a soft annealing 
treatment. 
To make the two types of bars for the 


fatigue tests, the cold-drawn bar was cut into 


two parts. The fine-grained test bar was 


obtained by heating one part at 1920° F. for 15 
min. followed by water quenching, which treat- 
ment totally 


with a 5 to 7 grain size as shown by the left hand 


produced a austenitic structure 
photomicrograph on the next page. 

In order to obtain a test bar of uniformly 
coarse-grained steel it was necessary to employ 
an unusual procedure which consisted of heat- 
ing the second part of the bar at 2100° F. for 2 
Phat 
structure 


hr. followed by water quenching. treat- 


ment produced a totally austenitic 


Effect of Grain Size on Tensile Strength 
and Hardness of 18-8 


FINE GRAIN COARSE GRAIN 
(5 707) (OvTo 1) 
Yield (0.5% stretch) 39,350 32.370 
Ultimate 99 390 90,950 
Elongation (2 in.) 71.6 76.3 
Brinell number 166 156 


with a uniform 0 to 1 grain size as shown by the 
right hand photomicrograph. 

Normally the grain size range of products 
made from 18-8 alloy is 1 to 7, so the grain sizes 
of the two bars are near the extremes of that 
range. 

In addition to fatigue tests in air we deter- 
mined the tensile properties and the hardness. 
In the tensile test, the vield point is taken as the 
Results of 
the tensile and hardness tests are listed in the 
table the 


stress necessary for 0.5°° elongation, 


first above. For air fatigue tests, 
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10,000,000 ceveles were used as the base for the 
endurance limits, and the results are shown in 
the table in this column, below. 

Thus, the air endurance limit of the fine- 
vrained type is 39,000 psi., which value is prac- 
tically equivalent to the yield stress of 39,350. 
For the coarse-grained type, the endurance limit 
is 34,000 psi., which value is again quite close to 
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that the grain size of 18-8 is reflected in physical 
properties. Both types are totally austenitic. 
The fine-grained type has lower ductility, higher 
vield (stress at 0.5° elongation), ultimate 
strength and hardness than the coarse. 

Because of the totally austenitic microstruc- 
ture, both types must be considered to be soft 
annealed. The interesting feature of the fatigue 


Microstructure, Enlarged 100 Diameters, of Samples Used in the Tests. 
Etched with oxalic acid. Grain sizes 5 to 7 and 0 to I respectively 


the vield stress of 32,370. For both types, a dis- 
tinctive feature is the abrupt decrease in the 
number of evcles required to produce failure at 


Endurance (Rotating Beam) of Coarse-Grained 
and Fine-Grained 18-8 


Typt STRESS CYCLES REMARKS 
Fine grain 42,000 psi. 29,000 | Failed 
40,000 71,700 | Failed 
39,000 10,259,100 | Neo failure 
39,000 10,144,300 | No failure 
38,000 10,013,500 No failure 
Coarse grain 35,000 92.300. Failed 
34,000 10,015,400 No failure 
34,000 10,258,700 No failure 
33,000 10,004,000 No failure 
32,000 10,000,000 No failure 


stresses 1000) psi. above the 10,000,000-cycle 
endurance limits. 

It is quite evident, from a comparison of the 
photomicrographs and the tensile test results, 


tests is that the air endurance limits of both 
types are comparable to their respective yield 
stresses at 0.5° elongation. The difference of 
5000 psi. between the endurance limits shows 
that the fine-grained steel has approximately 
15‘c better fatigue resistance in air than the 
coarse-grained. Since the grain sizes repre- 
sented in the two test bars are near the extremes 
of the grain size range normally obtained from 
commercial operations, it appears that the air 
fatigue resistance of soft annealed 18-8 products 
will vary within the 34,000 to 39,000-psi. range. 
Actually, a uniform grain size of 0 to 1 or coarser 
is not obtained commercially because it 
requires prolonged heating at very high tem- 
peratures. On that account, the 5000-psi. range 
should be reduced in commercial 18-8 to one 
which is small enough to warrant the assump- 
tion by fabricators that the air fatigue resistance 
of their products made of soft annealed austen- 
itic 18-8 is not seriously affected by normal 
variations in grain size. 
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Case 


Hardening 
Steels for 
Oil Production 


Tools 


By HARRY W. McQUAID 
Metallurgist 

Republic Steel Corp. 
Cleveland, Ohio 


i. DISCUSSING THE METALLURGICAL 
requirements of a given field of application it 
is usual to find that the designing engineer is 
convinced that his problems are more diflicult 
of satisfactory metallurgical solution than those 


in other fields. The automotive engineer, for 


instance, is constantly limited by the require- 
ments of interchangeability in mass production 
and a constant struggle for lower production 


costs. Tractors and trucks have to meet similar 


requirements in more severe service. Those 
engineers are constantly trying to produce parts 
which are so designed that they are good enough 
to perform satisfactorily in a highly competitive 
market without excessive field failures or 
expense. In the last analysis the choice is of a 
steel which produces a satisfactory part at the 


Part of a paper “Some Factors Affecting the 


least final cost. Due to the relatively new devel 
opment of metallography and the scientitic 
study of the metallurgy of iron and steel, many 
of our designing engineers are lacking in a 
working knowledge of this important subject 
(As a matter of fact many of our metallurgical 
friends are also lacking in a thorough ground 
work in the fundamentals of machine design, so 
that a common ground is sometimes absent 
between the designer and the metallurgist.) 

The designer of oil production equipment is 
faced by a problem of a somewhat different 
nature than those of the mass production fields. 
Because of the high initial investment, the 
extraordinarily high premium which successful 
performance gives, and the high penalty which 
failure of the equipment involves, he is con 
stantly seeking for improved performance and 
longer life. 

It is almost trite to state that resistance 
to abrasion and toughness are of primary 
importance to drilling equipment. Yet these 
two primary requirements are diametrically 
opposed. Wear resistance in given. steel 
depends primarily on the carbon content in the 
form of iron carbide, whereas toughness as 
ordinarily measured usually decreases” with 
increase in iron carbide. The problem then 
becomes one of obtaining a combination of high 
wear resistance with satisfactory toughness. 

Let us start out with the statement, some 
times forgotten by metallurgists, that carbon, 
rather than alloying elements, is the primary 
factor in producing hardness in steel. This is 
well illustrated by a chart on the next page, 
borrowed from an @ paper by Messrs. Burns, 
Moore and Archer. Note that the maximum 
hardness of alloy steels of moderate alloy con- 
tent has the same value as that of the plain 
carbon steel of similar carbon content. 

It is unnecessary to discuss the nature of 
hardness. It will be sufficient to say that maxi- 
mum hardness on quenching is associated with 
a supersaturated solution of carbon in iron. 
This is a brittle microstructure called martens- 
ite. In the high carbon steels, such as in the 
surface of a casehardened steel, the hardness 
obtained on quenching is increased by the hard 
carbides out of solution. These hard carbides 
are a very important factor in obtaining maxi 
mum resistance to wear. The metallurgist’s 
problem is to obtain the desired ductility or 
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toughness by sacrificing some of the hardness, 
and at the same time have available carbides in 
the best form to resist wear. This is done by 
tempering -— reheating the hardened part to a 
temperature which will produce the desired 
properties, 

Thus the fundamental requirement in 
obtaining resistance to wear is the presence of 
small particles of iron carbide at the contacting 
surface. (Sometimes in alloy steels there is some 
chromium, vanadium, molybdenum or manga- 
nese in the complex carbide.) In any event car- 
bides are exceedingly hard but also very brittle 
so that as we build up the amount of carbide 
necessary to resist abrasion we at the same time 
decrease the ductility. Thus the designer, know- 
ing that a given part must operate under high 
pressures against rock or sand, or against other 
hardened parts, specifies a high carbon or a 
carburized part, and it then becomes the prob- 
lem for the metallurgist to try to obtain the 
necessary foughness by chemical analysis, spe- 
cial specification, and heat treatment. 


Tests Show That Maximum Hardness Obtainable in 
Steel Is a Function of Its Carbon Content Rather Than 


After 


of a Moderate Amount of Alloying Elements. 
Burns, Moore and Archer, © Transactions, 


In any discussion of a casehardened part 
one usually hears that the combination of case 
and core gives a “hard, wear resisting surface 


combined with a tough, ductile core”. As a mat- 
ter of fact the toughness or ductility of the core 
really plays a very unimportant part in the per- 
formance. Contrary to the usual belief it is 
diflicult to conceive of the core being subjected 
to any appreciable elongation without complete 
failure of the case. 

For this reason it is believed we should con- 
centrate attention on the properties of the hard- 
ened case, remembering that the most important 
property of the core is resistance to deformation 
under compressive stresses. Such tensile prop- 
erties as elongation or reduction of area in the 
core or even the resistance to impact are of little 
value as a means for determining the properties 
of the finished part. 

Therefore the casehardening steels are, in 
my opinion, best divided according to the 
strength and other properties of the case, after 
proper carburization and heat treatment. 

There are a few commercial steels 
which seem to lie in a group having maxi- 
mum case strength; their properties in the 
case are, generally speaking, commercially 


1937 equivalent. This class includes the high 
chromium-nickel grade, such as the Krupp 
i analysis and S.A.E. 3312, the high nickel 


> 


| steel S.A.E. 2515, the high nickel-molybde- 
num S.A.E. 4820, and the chromium-nickel- 
molybdenum grade and perhaps other 
combinations. They exhibit their best 
properties in the fine-grained type, double 
treated to produce a minimum of austenite 

-that is to say they should have a case 
which is 100° martensite. (Any austenite 
which may be retained after the quench is 
relatively soft as compared to martensite 
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ln this choice several paths are open. For 
a carburized part we can select from several 
analyses one steel which will have the highest 
properties in the core, and by carburizing 
increase the carbon content of the surface so 
that when properly treated the required resist- 
ance to abrasion is obtained at the surface. Or, 
we can select a special type of high carbon steel 
and by careful treatment obtain a fair degree 
of interior toughness combined with resistance 
to wear. Or we can combine either of the above 
with an overlay of tungsten carbide. 


1.00 and means carbon retained in solution, and 
hence of reduced value for resistance to 
surface wear.) If there is more than 

enough carbon for the martensite and this 

excess carbon exists in the form of a network or 
boundary envelopes around martensitic grains 
the toughness is reduced greatly. Likewise 
austenite, which occupies a smaller volume than 
martensite and generally envelops the mar- 
tensite, sets up considerable internal stress. It 
results that any appreciable amount of austen- 
ite results in a decrease in maximum tensile 
strength. Since austenite is directly related to 
excess carbon above the eutectoid (approxi- 
mately O0.80° carbon) the steels mentioned 
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above attain maximum strength when the maxi- 
mum carbon content is close to the eutectoid, 
In the fine-grained type, double treated, they 
will show a minimum case strength in tension 
of approximately 300,000 psi. The case strength 
of the coarse-grained type will be slightly low- 
ered, and the toughness very much reduced. 
Treatments which tend to promote austenite 
reduce the strength rapidly, so these steels are 
rarely quenched from the carburizing tempera- 
tures but are given a double treatment. 

These highly alloyed casehardening steels 
represent the maximum in case (and core) 
properties, but they also represent the maximum 
in first cost and cost of processing. They are 
used for such parts as cutters for rotary bits, 
heavily loaded gears, and slush pump parts 
where the return from the improved perform- 
ance outweighs difliculties in processing and 
high costs. Their selection imposes consider- 
able additional responsibility on the metallur- 
gical department. They require special care in 
the making, rolling and forging to insure best 
results in heat treating and they must be very 
carefully annealed to machine reasonably well. 
Carburizing to a case free from excess (hyper- 
eutectoid) carbon is very difficult to do on a 
commercial scale, and requires gas carburizing 
equipment with all its 
Double treatment to insure the desired core and 


special supervision. 
case properties is much more difficult than with 
simpler steels which can be quenched under 
more advantageous conditions. All in all, parts 
made of these steels are relatively costly. 


Specific Applications 


We might now try to decide which steel in 
this group we would select for our cutter, gear, 
or pump shaft. 

If a very careful study is made of case prop- 
erties we will find that there is little choice, the 
normal variations in melting practice, carburiz- 
ing practice and heat treatment being greater 
than variation in properties due to analysis. 
The same is true of the core properties where, 
in addition to the above variables, we have the 
carbon content to consider. High alloy steels of 
carburizing grade are very sensitive to carbon 
variation, so that the cheaper types in higher 
carbon may frequently show better core proper- 
ties than the more expensive ones with low 
carbon content. 

In the class under discussion the S.A.E. 
nickel-molybdenum 4820 is at present the most 


widely used steel with a slight trend to the type 
having approximately nickel, 0.60% 
mium and 0.25° molybdenum (S.A.E, 4500). It 
is quite possible that the future may develop 


chro- 


combinations of silicon, molybdenum, and chro- 
mium now not being used in this class. 

It will be noticed that the steels in this 
Nickel strengthens the 


steel not by forming hard carbides but by form- 


group all contain nickel. 


ing a nickel-iron alloy stronger than the iron 
without it. 
tion where an increase in strength and tough- 


It is an extremely important addi- 
ness is a primary requisite. In order to improve 
the resistance of nickel steels to abrasion a car- 
bide forming element, such as chromium or 
molybdenum, is usually added. When opera 
tions develop relatively high surface tempera- 
tures the addition of molybdenum seems to 
reduce the tendency to soften. 

The 5‘: nickel steel and the high chro- 
mium-nickel steel (Krupp) were formerly very 
lower alloy grades gave 
The Krupp carburiz 


popular where the 
trouble in severe service. 
ing grade is high in first cost and difficult to 


process as compared to the lower alloy types. 
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It combines just about the maximum in case 
and core properties when double treated but is 
not so satisfactory when single treated. Its use 
in the oil industry is now confined to special 
roller bearings and a few other applications. 


Steels of Wider Utility 


The second group of carburized steels which 
can be used for practically all applications 
includes such steels as the low nickel-molybde- 
num (S.A.F. 4620); 1.25 nickel, 0.6 chromium 
(S.A.E. 3120); and the chromium steels, either 
straight (S.A.F. 5120), or with molybdenum 
(S.A... 4120), or with vanadium (S.A.E, 6120). 
These steels are not difficult to machine and 
when the proper attention is given to carbon 
content and = grain characteristics they will 


Heat Treating Balls for Bearings Within Cutter Bits. 
The excellent photographs used in this article were 
kindly furnished by Hughes Tool Co. of Houston, Texas 


exhibit properties which approach those of the 
higher alloyed steels. Since they tend to form 
less austenite on quenching, particularly in the 
chromium and chromium-vanadium grades. 
they can be single quenched and in the finer- 
grained type can be quenched directly from the 
carburizing box. 

These steels are widely used in other indus- 
tries and hence are easily obtainable. As a 
group they vary rather widely in price, more so 
in fact than their properties would indicate. It 
is of particular importance that the carburizing 
steels in this group be made to carefully con- 
trolled hardenability. Unless they are made in 
the fine-grained, shallow hardening type thev 
will show poor fractures and relatively poor 
properties when quenched directly from the 
carburizing heat. 

Most readers of this article will know what 
is meant by hardenability control and grain size. 
Practically it means that steels of the same 
chemical specification can be made to have 
widely different properties by changing the steel 
melting practice — that is to say, the harden- 
ability and ductility can be varied in a given 
analysis by the steel maker. 

Steels are specified as to the grain size after 
a standard carburizing test which outlines the 
eutectoid (pearlite) grains by excess carbide. 
Steels which exhibit little or no tendency for 
these boundary carbides to coalesce are called 
“normal”, while those which show a decided 
tendency for the boundary carbides to coalesce 
are called “abnormal”. For our purpose it is 
sufficient to state that the smaller the grain size 
and the more coalesced the carbide the shal- 
lower hardening a given analysis will be. Con- 
versely the larger the grain (relatively) and the 
less the carbide coalescence the deeper the steel 
will harden. Generally, the fine grain will tend 
to coalesce while the coarse grain will not. 

By making steels which will retain their 
fine grain above the carburizing temperature, 
work can be quenched directly from the car- 
burizing temperature. This has resulted in a 
decided tendency to substitute this treatment for 
the more expensive reheating treatments. To 
the designer and user of oil production tools the 
so-called grain size specification has become of 
great importance. Fine-grained steels have so 
much better case and core properties that the 
lower alloyed steels have become more inter- 
esting than the higher alloyed ones. 

The grain size specification has also resulted 
in a better control of distortion in quenching, 
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which is an important factor in the 
success or failure of many parts. 

Another important result of the 
grain size specification has been to 
reduce the spread in properties which 
used to distinguish many of our 
analyses. This has resulted in a 
gradual simplification in specifica- 
tions, and, while it made the selec- 
tion of a given analysis more difficult, 
tended to accentuate the price differ- 
ence. Thus we should find, for the 
general requirements of carburized 
parts for oil production equipment, a 
wide interest in the simpler, lower 
priced alloy steels made to carefully 
controlled  hardenability require- 
ments. Since the shallow hardening 
type of steels permit higher carbons 
for most purposes, the lower alloyed 
steels can be made to give surpris- 
ingly good properties in the finished 
part if this feature is remembered. 

Alloy steel of some sort is almost 
universally used for parts of oil pro- 
duction equipment where a carbu- 
rizing steel is required. The straight 
carbon grades in the fine-grained 
type, with manganese above 0.50‘, 
will harden satisfactorily in water, 
but in a section of appreciable size 
they will not harden satisfactorily in 
oil. This means that they are sub- 
ject to increased distortion as com- 
pared to the alloy steels, and where 
this is an important factor in per- 
formance they have been replaced. The carbon 
steels are mainly used in minor carburized 
parts, such as washers, although we still find 
them in some of the more important parts such 
as pump liners and some gears. 


Nickel-Chromium Steel Most Popular 


Reviewing the case hardened steels used in 
oil production tools, we find that for the most 
difficult applications the series which includes 
the high chromium-nickel, the 5% nickel, the 
344% nickel-molybdenum and the nickel-chro- 
mium-molybdenum is used. The 3!‘ nickel- 
molybdenum is probably the most popular grade 
due to its excellent case properties and also its 
ability to resist surface softening due to high 
friction in service. The properties of these 
steels in the finished part are dependent on steel 


Cutter Teeth Are Covered With a Thin Layer of Hard Carbide 
Particles, as Described in Metal Progress Last Month. This 


operator is using an atomic hydrogen flame for the purpose 


making practice and they require close attention 
to the annealing and casehardening processes 
for satisfactory results. 

For other less exacting applications the 
choice is made from the lower alloy group which 
includes the S.A.EF. 2315, S.A.E. 4620, S.A.E. 3120, 
S.A.E. 5120, S.A.E. 4120, and S.A.E. 6120. Due 
to hardenability control and generally improved 
understanding there is little to choose between 
them. At present the S.A.E. 3120 is probably the 
most popular with the S.A.E. 4620 running a 
close second, 

The trend in this group in other industries 
seems to be to the lower priced grade such as 
the S.A.F. 5120, and it is probable that this trend 
will be felt in the oil production field. It must 
not be forgotten that these steels must be very 
carefully controlled as to hardenability and 
grain growth if they are to be satisfactory, 
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— OR LATER, EVERY STUDENT OF 
metallography meets the “phase rule”. The 
first encounter consists of memorizing some 
rigmarole about “degrees of freedom”, “com- 
ponents”, and “phases”. In addition, he may 
learn that the rule was formulated by a man 
named Willard Gibbs. If the studies proceed, 
this name recurs, and he begins to perceive that 
Gibbs accomplished much in establishing a 
secure scientific foundation for the metallurgi- 
cal and chemical industries, and that the phase 
rule is but one of many contributions. 

Josiah Willard Gibbs was born in New 
Haven, Connecticut, on February 11, 1839) (so 
this is his centenary), and died there on April 
28, 1903. Excepting summer holidays in the 
mountains, his only absence from the city of his 
birth was from 1866 to 1869, when he traveled 
in Europe and attended lectures in Paris, Berlin, 
and Heidelberg. This son of an eminent scholar 
inherited ability in the classics, for as an under- 
graduate he won prizes in Latin as well as in 
mathematics. 

There is ample evidence, however, that 
Gibbs’s interests extended to other fields, for 
subsequent to earning his doctorate in 1863, he 
tutored natural philosophy as well as Latin in 
Yale College. Further, as indication of a share 
of mechanical ingenuity, he obtained a patent in 
1866 on a brake for railway cars; it would be 
interesting to know what brought this pre-West- 
inghouse problem to his mind. At about the 
same time, he invented a wholly practicable 
steam-engine governor, a working model of 
which is extant. A paper also exists, thought by 
some to be his doctoral dissertation, “On the 
Form of the Teeth of Wheels in Spur Gearing”. 

Such activity could hardly have foretold 
the gigantic things to come, but his ability and 
his lively interest in natural science must have 
been recognized, because in 1871 the 32-year-old 
scholar was appointed professor of mathemati- 
cal physics at Yale. This marked the end of his 
active interest in applied mechanics, so far as 
is known. Two years later the first of the 
famous series on thermodynamic subjects 
appeared; publication of “On the Equilibrium 
of Heterogeneous Substances” extended from 
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1875 to 1878, and the part containing the phase 
rule was published in 1876, 

With few exceptions the implications of the 
thermodynamical papers were not grasped by 
Gibbs’s contemporaries, which was not strange, 
because he was vears ahead of his time. For 
example, many of the deductions had to do with 
phenomena that were not observed experi- 
mentally until much later. This lack of under- 
standing, however, did not prevent recognition, 
because he was elected a member of the 
National Academy in 1879 and was awarded the 
Rumford Medal in 1881, The Yale of his day 
suspected that he was an extraordinary person, 
but did not know exactly why he was extraor 
dinary. Indeed, he received a long series of 
scientific and academic honors. His fame 
spread to even wider circles; for example, 
Henry Adams, the late historian, stated that: 
“Willard Gibbs stood on the same plane with 
the three or four greatest minds of his century. 

.. It has been suggested that Adams might 
well have said with Boltzmann, himself a nota 


. 


ble physicist, that “in the history of physical 
science of the seventeenth, eighteenth and nine 
teenth centuries, Gibbs ranks with men like 
Newton, Lagrange, and Hamilton. . . Tt is 
curious that, although proposed several times, 
he has not been selected for the Hall of Fame. 

Gibbs had extraordinary ability to discern 
the roots of matters; from assumptions reduced 
to the absolute minimum, he derived results of 
maximum generality. It is fortunate for metal 
lurgy that this power was turned to thermo 
dynamics. Best known to metallurgists, of 
course, is the phase rule; consequently, it may 
surprise the reader to learn that of some 100 
pages on thermodynamic subjects, the phase 
rule as such occupies about one. In a way, this 
is roughly the correct ratio, because the rule ts 
merely an unavoidable consequence of more 
important deductions. It must be remembered 
that when it first appeared, the only experi- 
mental data were on the simplest one-com- 
ponent systems and it is doubtful that even 
Gibbs could have forseen the tremendous value 
to industry of a correct means of qualitative 
treatment of systems of any number of com- 
ponents. Even if he had, however, it is unlikely 
that the section “On Coexistent Phases of Mat- 
ter” would have undergone much expansion. 
The principles of our phase diagrams were cleat 
to Gibbs, although he did not devote much time 
to describing these consequences of the general 


argument; this is attested by the fact that the 
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few geometric illustrations consist of the eutec- 
tic and transition-plane types of four-phase 
equilibria in ternary systems! 

Gibbs’s style of writing was highly con- 
densed, but exceedingly precise. This makes it 
difficult for the reader at first, but later he 
comes to appreciate the absence of muddy defi- 


Vodel of an Entropy-Energy-Volume Surface 
Constructed by Clerk Maxwell and Sent to 
Gibbs. (Courtesy of L. W. MeKeehan) 


nitions and ambiguous statements. Further, 
Gibbs never wrote or spoke of his investigations 
until all was complete down to the last detail. 
An example of his rigorous brevity is the defini- 
tion of equilibrium: “For the equilibrium of 
any isolated system it is necessary and suflicient 
that, in all possible variations in the state of the 
system which do not alter its entropy, the varia- 
tion of its energy shall either vanish or be posi- 
live.” Expressed in mathematical notation 
this is @E). O. These symbols and 10 words 
have since been expanded to many thousands 
to illustrate their full significance. Such 
explanations are certainly necessary, because 
the phase rule applies only to phases in equilib- 
rium; to many persons able to make useful 
application of the phase rule the 40-word defini- 
tion, in the ultimately brief form so useful to 
Gibbs, would be very inadequate. 

The statement is sometimes made that 
Gibbs’s thermodynamic papers were unappre- 
ciated until Ostwald’s German translation 
became available, but this is untrue. Their worth 
was perceived at once by J. Clerk Maxwell in 


England and by J. D. van der Waals in Holland. 
The former was so impressed that he con- 
structed a model of an energy-entropy-volume 
surface, a cast of which he sent to Gibbs. It is 
from a photograph of that casting that the 
accompanying cut was made. Van der Waals 
called the attention of Roozeboom to the papers; 
this was the beginning of the Dutch school 
which accomplished so much in developing 
phase diagrams in the form understandable to 
metallurgists and chemists. (In fact, the science 
of metallography might be said to have begun 
with Roozeboom’s iron-carbon diagram.) Here 
again Gibbs’s words have been amplified tre- 
mendously; “Heterogeneous Equilibria from the 
Standpoint of the Phase Rule”, by Roozeboom 
and his associates, is longer than all of Gibb’s 
thermodynamic papers, and there are many 
other “phase-rule” books by less noted authors. 

As has been hinted, however, the phase rule 
is only a sample of the treasures to be found by 
diligent searchers in “On the Equilibrium of 
Heterogeneous Substances”. One other example 
will suftice in this short note. Speaking of the 
principles formulated by himself (taught to all 
students of metallurgy), Le Chatelier stated: 
“Later, when I became acquainted with Gibbs's 
original memoir, I found that the laws which I 
had painfully established were only special 
cases of his general formula.” 

There is some evidence that Gibbs intended 
to return to thermodynamic subjects after an 
extended excursion into other fields, including 
higher algebra, vector analysis, astronomic 
calculations, and a monumental work on statis- 
tical mechanics, but this was unfortunately 
prevented. None will ever know how much 
future students would have been helped had he 
decided to use some of the homely, but apt, 
illustrations which had delighted his students, 
or how widely the boundaries of thermo- 
dynamics might have been extended. 

For another view of the man who accom- 
plished so much in the quiet halls of New 
Haven, it would be impossible to improve the 
words of Bumstead: “Unassuming in manner, 
genial and kindly in his intercourse with his 
fellow-men, never showing impatience or irrita- 
tion, devoid of personal ambition of the baser 
sort or of the slightest desire to exalt himself, 
he went far toward realizing the ideal of the 
unselfish, Christian gentleman. In the minds 
of those who knew him, the greatness of his 
intellectual achievements will never over- 
shadow the beauty and dignity of his life.” 
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a An 
Experimental 
Openhearth 


Furnace 


By HAROLD K. WORK 

Manager of Research & Development 
and MAURICE H,. BANTA 

Research Metallurgist 

Jones & Laughlin Steel Corp. 
Pittsburgh 


—_— IN ONE FORM OR ANOTHER 
has long been present in the steel industry 
although it is only recently that it has become 
customary to dignify it by that title. This 
research has either been carried on in separate 
laboratories or in the mills themselves. The 
separate laboratory, as our Corporation has 
found, furnishes a place where ideas of value 
to the industry are readily generated, but it is 
difficult to take such developments and put 
them directly into the mill. Attempts to do this 
result in a high percentage of failures. On the 
other hand, studies in the mill must usually be 
restricted to conditions which will produce a 
commercially salable product; otherwise the 
costs are excessive. 

In the light of the above situation our Cor- 
poration, acting upon the suggestion of its gen- 
eral metallurgist, H. W. Graham, has attempted 
to bridge the gap between the laboratory and 


the mill in its research work by the use of equip 
ment resembling the pilot plants so commeantly 
used in the chemical industry. 

As might naturally be expected, the pro 
gram of the Research and Development Divi 
sion is largely concerned with the making of 
steel. It is obvious that the proper place to 
study steel making problems is at a steel making 
furnace, but as has been indicated it is not con 
venient to conduct all such studies in large fur 
haces. Vor this reason, when it was decided in 
1936 to provide a new laboratory building and 
facilities, it was planned to include an open 
hearth furnace, duplicating as far as possible 
the mill furnaces in construction and operation 

but of laboratory size. 

The term “laboratory size” is usually asso- 
ciated with test-tube dimensions, When applied 
to steel melting furnaces it brings to mind the 
induction furnace with a capacity of about 25 
to SO Ib, A furnace of this type is commonly 
used in the typical research laboratory. How- 
ever, the results obtained are not comparable 
with those obtained in mill equipment and their 
value is therefore considerably restricted. 

Consequently it was decided that a small 
openhearth furnace was required for repre- 
sentative experimental work. Relatively few 
such furnaces had been constructed, and the 
available information on how to build one was 
very meager. 

Other Small) Openhearths 
of the literature revealed scattering references: 

In 1891 the Metallurgical Department of the 
Sheflield Technical School was operating a 2000-Ib 


kAgmination 


Checkers were placed on top of the furnace, directly 
over the ports, to minimize heat losses, and the 
hearth in vertical section was a segment of a circle 
The total length of the hearth was a little more 
than twice its width, but at the slag line the bath 
surface was nearly square. In 1908 a new open 
hearth of 5000-Ib. capacity was built, in which the 
overhead location of the checkers was apparently 
abandoned. This furnace burned tar or gas trom a 
producer. 

An article in Stahl und Eisen in 1904 discussed 
the economies of '2-ton to 2-ton acid openhearths 
for foundry use. Over 100 of these were stated to 
have been built and successfully operated in the 
preceding 30 vears in Germany, Austria, and other 
European countries, but no construction data were 
given in the article. 

No further references were found until 1927 
when a Bureau of Mines’ publication mentioned a 


Based on information presented to Openhearth Conference, A.1.M.b.. Cleveland, April 28 
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200-Ib. basic openhearth furnace built at its North 
Central Experiment Station. This furnace was also 
regenerative, with the checkers at each end. The 
hearth dimensions were 28 in. long by 11 in. wide 
with a maximum depth of 6 in. Gas was burned. 
Nothing was said about its operation other than 
that “the lining presented problems”. In 1930 a 
second paper described a larger furnace of 1000-Ib. 
capacity. This was a tilting furnace (the only 
example of a small tilting furnace found). The 
furnace body proper was cylindrical in shape, the 
bath at the slag line being about 3 ft. 2 in. wide, 
5 ft. long, and a maximum of 10 in. deep. The 
checkers were placed underground, but it was nec- 
essary to fill the uptakes with checkers also to 
reach steel melting temperatures. Oil was burned. 

In 1927 the Chrome Steel Works at Cartaret, 
N. J., built a one-ton regenerative acid-lined open- 
hearth. The bath was 6 ft. 4 in. long at the slag 
line and 3 ft. wide, with a maximum depth of 10 in. 
The checkers were placed underground and oil was 
burned. This furnace was stated to have operated 
successfully for over 125 heats, none of which, 
however, was apparently under 0.20% carbon. In 
the next vear a larger furnace of 5000-Ib. capacity 
was constructed, 

An article in The Foundry for May, 1935, 
described a 1000-lb. acid lined furnace, without 
giving the location or owner. This furnace was 
regenerative, with the checkers mounted directly 
above the ports, as at the University of Sheffield. 
The bath was 4 ft. by 1 ft. 6 in. by 4 in. deep at 
the slag line. Crank-case drainings were the fuel. 


Plan of Experimental Furnace 


Our experimental furnace was planned in 
the Research and Development Division and 
designed and constructed by the Pittsburgh 
Works Engineering Department of our Corpora- 
tion. Before a drawing was made the various 
aspects of the problem were considered, and an 
attempt made to anticipate every difficulty 
which might arise. 

The question of size was first decided. The 
information available concerning small open- 
hearths previously built indicated that LOOO Ib. 
was about the lower limit for a successful steel 
melting furnace. Below this size heat losses 
apparently became disproportionately large; it 
is also difficult to adjust the flame properly in a 
very small hearth. Furthermore, we desired to 
make rimming as well as killed heats in the fur- 
nace, and as it was believed (and since con- 
firmed) that rimming would be difficult if not 
impossible in small ingot molds, it was decided 
to make the furnace large enough to supply at 


least a 1000-lb. ingot. A capacity of 1500 Ib. was 
tentatively decided upon; this was, however, 


later increased 50‘c. 

Hearth lines were next considered. In the 
small regenerative furnaces previously built the 
lines appear to be scaled down from larger fur- 
naces, except for some lengthening and narrow- 
ing. This hearth distortion, made necessary 
because of the relatively greater length of flame 
in small furnaces, becomes more acute the 
smaller the furnace, and is a factor limiting the 
minimum size. (This becomes obvious from 
the drawing of our furnace, reproduced on the 
opposite page.) 

The influence of the method of firing upon 
hearth lines is even more pronounced in small 
furnaces than in large ones. Scaling down of 
the ports and burners of a large furnace, no 
matter how successful, is no assurance of suc- 
cess in a small furnace. The logical procedure 
appeared to be to design burners capable of 
supplying the necessary heat with a short flame, 
then adjust the burner design, location, and 
hearth lines, one against the others, to the best 
overall balance. In our case this balance 
worked out to be an approximately circular 
hearth, fired by three’ burners specially 
designed by Prof. W. Trinks of Carnegie Insti- 
tute of Technology. The dish-shaped hearth 
and roughly spherical interior space efliciently 
conserve the heat supplied, are easy to build 
and maintain, and convenient to work with in 
melting. The three short-flame burners provide 
efficient heating for the chosen shape of hearth. 

The next problem to be considered was that 
of preheating the air for the burners. The 
three-burner arrangement, which appeared by 
far the most eflicient method of heating, was 
poorly adapted to the usual regenerative design, 
but well suited to a one-way fired furnace. Other 
disadvantages of the usual reversing regener- 
ative firing, such as lack of full control over the 
air supplied, and irregularity of heating due to 
periodic reversals, appeared likely to be more 
detrimental in the operation of a small furnace 
than of a large one. The size of the checkers 
computed to be necessary was found to be quite 
large compared to the size of the furnace itself. 

For these reasons it was finally decided to 
abandon conventional design, do away with the 
checkers, and build a one-way fired furnace 
equipped with a recuperator made of car- 
borundum tubes, which have a heat conductivity 
much higher than brick and transfer heat with 
considerably higher efficiency. 
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The plan finally adopted permits eflicient 
and uniform heating of the bath by means of 
three short-flame burners, a high degree of heat 
conservation because of the roughly spherical 
hearth space and compact furnace shape, easy 
construction, maintenance, and operation, full 
control over both air and gas supplied to the 
burners, and eflicient preheating of the air in 
the recuperator, 

Lines The lines and dimensions of the 
furnace may be seen from the accompanying 
drawing. The bath at the slag line is square, 
about 4.5 ft. on a side, with a dish-shaped bot- 
tom having a maximum depth of 12 in. (In 


ur 


the bath to the recuperator where it) would 
attack the carborundum tubes \ clean-out 
door 18 in. square is provided 


itselt 


consists of Iwo 


The Recuperator 


horizontal banks of carborundum tubes 
each, equipped with corebusters The tubes 
are 6 in. outside diameter with a l-in. wall, 


and are I ft. d in. long. The whole recupera 
tor structure is elevated on a solid concrete 
hase sufliciently to raise the lowest row of tubes 
several inches above the top of the slag pocket, 
as a further precaution to avoid attack by iron 
oxide carried out of the hearth. The exhaust 


gases flow upward around the outside of the 


Section 4-A Silica 


VECTIO/) u 


Furnace for Experimental Steel Making Has a Spherical Hearth and a Large Slag 
Pocket Between Its Exhaust Port and the Recuperator for Preheating the Combustion Air 


operation the bath depth is usually several 
inches less.) The bottom is magnesite, fused 
in to a minimum depth of 6 in. on 6 in, of mag- 
nesite brick. The silica brick roof is arched 
from front to back, on a 4-ft. radius, over a 6 ft. 
Yin. span. The maximum height of the arch 
over the bottom is 1 ft. 5 in. The tap hole is 6 
in. in diameter, and the charging door 18 in. 
square. The furnace as actually constructed has 
been found large enough to accommodate a 
2700-Ib. heat. 
Slag Pocket 
(which is 25 in. wide by 20 in. high) and the 


Between the exhaust port 


recuperator is a slag pocket of considerable size, 
being 6 ft. 9 in. long and 21 in. below the bottom 
of the exhaust port. This sizable pocket was 
interposed between furnace and recuperator to 
prevent iron oxide from being carried over from 


May. 1939: 


tubes and escape through an 1&8-in. stack. Air 
is drawn into the front end of the upper bank 
of tubes, through a chamber in the back, and 
out of the lower bank of tubes in the opposite 
direction by a fan driven by a 5-hp. variable 
speed motor. This air, which in normal opera 
tion is heated to a temperature of about 1200 
l.. is conducted through a well insulated pipe, 
in. 


above three burners, which are 


outside diameter, to a cross header 
supplied by 
separate 7-in. inside diameter pipes, equipped 
with valves. 

Burners The three burners, which were 
especially designed to provide the short flame 
necessary in such a small furnace, are cast with 
a 7-in. diameter air chamber and fitted with a 
114-in. gas pipe, and enter the end wall of the 


furnace with a slope of one in three. The gas 
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Tapping a Heat of Steel Into a W ell-Preheated Ladle 


pipe may be adjusted axially within the air 
chamber. The fuel, natural gas, is supplied to 
the burners through 1!,-in. flexible tubing from 
a d-in. header, Each gas line is fitted with its 
own plug valve. 

Construction ~The furnace is solidly con- 
structed on a poured concrete foundation, the 
furnace proper and slag pocket being raised 
above the concrete on 9-in. I-beams. Buckstays 
are paired 6-in. I-beams, pulled up with four 
tie rods each way, top and bottom. The recu- 
perator is similarly built. The bottom of the fur- 
nace is insulated by two courses and the front 
and sides by one course of insulating brick; the 
recuperator is insulated all over with one course 
of insulating brick. All side walls are three 
courses thick or more. The fan and air lines are 
supported by an elevated structural framework, 
so as to be entirely independent of the furnace 
structure itself. 


Furnace Operation 


Bottom Making-— Four days were required 
This was built up by 


Washington 


to burn in the bottom. 
fusing in successive rounds of 


magnesite mixed with 16° ground basic slag. 
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BE et A total of 3550 Ib. of mag- 
nesite was required to build 
the bottom up to a thickness 
of 6 in. in front of the tap 


; hole. Since the furnace has 
been in operation, mag- 
nesite has been used, as 
- it has been required, for 
patching purposes. 
Furnace Charge The 
furnace is charged by hand; 


a typical charge consists of 
0% cold pig and 10% 
stone. In order to have 
complete information 
regarding the raw materials 
used, the balance of the 
heat (scrap) consists of bil- 
lets from heats of open- 
hearth or bessemer steel, 
identified by heat numbers. 
Approximately hr. are 
required to melt down the 
charge prior to working the 
heat. The usual duration 
of the working period is 
about 14 hr. Slag tests are 
taken for chemical analysis 
at the proper intervals to determine the correct 
additions to make. 

Rates of reaction in this small furnace are 
such that the removal of metalloids proceeds at 
a somewhat faster rate than in a large furnace. 
This is due to the fact that the bath is relatively 
shallow, which increases the ratio between the 
area of the slag-metal interface and the volume 
of the metal bath. 

During the first campaign no sulphur or 
phosphorus trouble was encountered. However, 
this could be expected when using natural gas, 
good scrap, and a relatively high slag V-ratio. 

As rimmed, semi-killed, and fully killed 
steels are made, deoxidation practice is varied 
to meet the requirements. It is the practice to 
deoxidize in the furnace whenever possible. In 
addition to the usual advantages obtained from 
this practice, deoxidation in the furnace is espe- 
cially desirable for small heats since ladle addi- 
tions have a decided chilling effect. 

To insure a fast tap, which is essential to 
prevent large ladle skulls and pouring diflicul- 
ties, a 6-in. diameter tap hole is used and closed 
with raw dolomite, and faced off with double 
burned dolomite. If the hole is properly closed, 
it is seldom necessary to use oxygen during tap- 
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is also 


ping. The ladle 
heated to a red color with a 
gas burner just prior to 
tapping. 

Teeming the Heat 
Since these small heats lose 
their temperature very rap- 
idlv and there is not suffi- 
cient ferrostatic head in the 
ladle to produce any cut- 
ting action on the steel 
which may freeze in the 
nozzle, it was found neces- 
sary to use to 2-in. 
nozzles. A clay plug is 
rammed up against a wad 
of paper placed in the noz- 
zle to prevent any leaking 
prior to opening up the first 
time. Ingots of the follow- 
ing sizes are poured: 7xX29x 
12-in. slabs of rimming steel 
for strip and tin plate; 
killed steel in 
big end up molds with hot > 
top for forging billets and 
tubular products (rimming 
and semi-killed steels are 
also poured in this size); and 6x6x214-in. open 
top ingots in killed or semi-killed steel for pre- 
liminary heats to be rolled in the small labora- 
tory mill into bar sizes suitable for testing. 

The surface conditions of the ingots are, 
with the exception of the 6x6-in. ingots, gener- 
ally as good or better than the usual run of 
production ingots. 

Instrumentation —— At present the furnace 
is manually controlled; however, equipment is 
provided for indicating and recording such 
information as roof temperature, temperature 
of air from recuperator, gas flow, air flow, 
and furnace pressure. Installation of equipment 
for fully automatic control — including air-fuel 
ratio, roof temperature, and furnace pressure 
is being considered. 

Operators —- The furnace crew includes two 
metaflurgists, one of these acting as melter fore- 
man; the remainder are melters and first 
helpers from our openhearth shop. It is felt 
that this arrangement gives a good balance of 
technical and practical talent. 

Recuperator Performance and Refractories 

The recuperator installation has operated 
satisfactorily, and some very interesting data 
are being obtained concerning the advisability 
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Teeming Ailled Steel Into a 1100-.Lb. Ingot Vold u ith Hot Top 


of using such a system in larger installations. 
This furnace also furnishes a_ possibility for 
studying refractories under conditions 
approaching mill service, and our plans include 
such studies. 

Steel Quality Before attempting any 
development or purely experimental work with 
this furnace, it was decided to make a series of 
heats for comparison purposes similar to a num- 
ber of grades commonly produced in our open 
hearth shops. The results obtained from these 
heats indicated definitely that the physical prop- 
erties of steels made in this small furnace were 
comparable, in general, with those produced in 
our mill furnaces. Now that this fact is estab- 
lished, it is possible to proceed confidently with 
our development work on steel making, know- 
ing that the results obtained in the laboratory 


can be applied to production. 
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Critieal 


Points 


DIARY OF AN EDITOR 


, ead with ch avidity an article 
PRIL 1— Read with mucl lity rticl 
. in an English metallurgical journal about 


the production of what it called “stable” stain- 
less steel. The well-known causes of inter- 
granular corrosion and = various commercial 
methods to form a stabilized microstructure or 


to fix the carbon in insoluble 


particles were admirably 
Stainless reviewed at considerable length. 
Steel A simplified solution — the mak- 


ing of 18-8 almost carbon free 
was by contrast pictured as being quite desir- 
able, and the announcement that it was being 
done commercially and fulfilling expectations 
was called “an achievement of great) impor- 
tance”. Bul, no word of how this metallurgical 


feat has been achieved. April fool! 


April 3— As an afterthought, it came to 
mind that the problems of general corrosion 
and intergranular corrosion of 18-8) stainless 
steel are far better understood than the prob- 
lems of pitting corrosion. In the extensive 
researches financed by the Chemical Founda- 
tion (and reported very briefly in the March 
issue) only two samples did not pit. One was a 
commercial 18-8 after vacuum annealing, and 
the other a very pure alloy melted under nitro- 
gen, and containing considerable nitrogen. 
Both had as a common characteristic a single- 
phase structure of austenite. 

One might therefore be tempted to think 
that perhaps a single-phase austenitic micro- 


Still an 


Pitting structure is more resistant to pit 
ting (in the absence of anv other 


Unsolved contributing factor. as it doubt 


Problem less is to general corrosion), were 


it not for the fact that 2 to 4 
molvbdenum added to I8-S or vasth 
increases the resistance to pil corrosion, Vel 
this metal promotes a two-phase microstruc 
ture of delta and gamma iron 

Russect. Franks of Union Carbide & Cat 
bon Research Laboratories writes that this still 
makes sense, for he has found that a moderate 
amount of molybdenum increases the resist 
ance to pitting of either a 30°) chromium-iron 
(wholly of alpha or delta iron) or a 20) 
chromium, 20% nickel alloy Qwholly austenitic, 
of gamma iron). Consequently in an 8-8 with 
enough molybdenum so alittle delta iron 
appears with the gamma austenite, the specific 
improvement corrosion resistance of each 
phase due to molybdenum far more than 
counteracts whatever indirect harm there may 
be in promoting two-phase structure and a like 
lihood of electrolytic effects 

Purity of the two alloys quoted at the outset 
is probably not the controlling cause. Dr 
Krivonok, in his work preparatory to the Camp 
bell Memorial Lecture (1951) made some very 
pure alloys. He tells me that he recently tested 
them, and they “pinholed™. In fact, the sum of 
his very extensive information on the manufac 
ture and use of stainless 18¢. chromium, &' 
nickel alloys is about this: 


“Some pit and some domt!” 


April 6—— A review of a recent & publica 
tion indicates that “hardenabilitw” of steel has 
definitely emerged from the hazy uncertainty 
of “body”. In fact, several methods of measur 
ing it are current; eventually one method will 
be selected and standardized, but meanwhil 
there is a difficulty concerning names It is 
more than an editor's worry, for metallurgists 
in Plant A and Plant B are comparing the 
hardenabilitv of steels from 
Mill © and Mill D. and a 


Names for 


Hardenability common understanding © 
names of the test method is 


desirable Aside from. the 
“P-F" test for toolstecls suggested by S Past 
President SHEPHERD about five vears ago whe! 


Tests... 


the hardness penetration and fracture grain s 
are compared after four standard quen 
and the fundamental determination ot 


cooling rate (which appeals more to reseat 
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than to practitioners), there seem to be three 
methods for rating hardenability now in use by 
American metallurgists: 

1. The oldest, and rather obvious, deter- 
mination of a size of bar or rod that will harden 
to the center during a standardized quench. 

2 The scheme proposed by Jominy and 
;OFGEHOLD of directing a water spray against 
the end of a hot 1l-in. bar, measuring hardness 
down the bar, and grading the steel by the dis- 
tance where the hardness number exceeds a 
figure selected with the application in mind, or 
by comparison of equivalent cooling rates, 
establishing the hardening response in varying 
sections. 

3. Quenching by total immersion and 
measuring the hardness variation, edge to cen- 
ter, on a smoothed cross-section; more particu- 
larly the scheme recently suggested by Burns, 
Moone and Arcuer of denoting the harden- 
ability by the area under a curve of Rockwell 
(. numbers plotted against distance from center. 
(This is the same thing as the average hardness 
if, as suggested by them, a 1-in. bar is used.) 
Rather more information is given by noting the 
surface, average and center” hardness the 
so-called “S-A-C™ rating. 

Prior to any attempts at desirable stand- 
ardization, and even before we know whether 
time at heat before quenching makes any dif- 
ference, it may be too early to attempt to aflix 
names to these tests. Perhaps eventually they 
will be described by the name of the man who 
suggested them, or devised the modification 
eventually standardized. For the present we 
note that they belong to two main groups, one 
of which studies the variation in lengthwise 
hardness, and the other the variation in cross- 
wise hardness. If vou like words with a more 
scientific sound, this distinction might be 
expressed as “lineal hardness” and “diametral 
hardness”. Perhaps a more acceptable distine- 
tion should include some hint as to the method 
of test; lengthwise hardness could then be “end- 
quench hardness”; crosswise hardness is deter- 
mined after total immersion. 

What do vou think? 


April 10 - Word has filtered through that 
a certain gentleman who demonstrated his abil- 
itv as a tool hardener in the Detroit region some 
vears ago is again working the Central West. 
He studiously avoids talking applied science 
with the metallurgist, but usually approaches 
the production manager or superintendent of 


the machine shop, tells them of the wonderful 
improvements in tool life he made in a short 
time in Plant X, and convinces them he can do 
the same thing in this one 
Vetallurgists of course, for an appropri- 
on the Spot ate fee. The man_ really 
knows tool design,  treat- 
ment and use, and it is no trick at all for 
him to go into any shop operating by tradition 
and correct some things that are obviously 
wrong, with corresponding salutary — effect. 
Lacking continuous technical control as is 
frequently the case in shops where the tool 
hardening is done by the tool room or manu- 
facturing division —it will unfortunately be 
only a short time until such operations revert 
to their original sloppy condition. In one well- 
managed plant the metallurgist made no objec- 
tion to these useless ministrations, feeling that 
it would cost more than the fee to incur the 
suspicion of his elderly colleagues that he might 
be a bull-headed and high-browed scientist. 


April 17 Gorpon of Cleveland 
Tractor Co., mistakenly assuming that the data 
file which the Editor cultivates to a size which 
threatens to crowd him out of his office must 
contain an answer to anything, asked: “Where 
did the word ‘pseudo-martensite’ come from 
and what does it mean?” The August 1935 
issue of Merat ProGress devoted to the nature 
and names of the constitutents of steel failed 

to mention it, and an hour’s 


What Is search through clippings in 
Pseudo- the drawer labeled, some- 
Vartensite ? what inclusively, “Transfor- 


mation of Austenite; Fe,C = 
jke — C” failed to find one recorded usage of the 
word. So a phone call to Pittsburgh brought 
the surmise immediately from @ Past President 
EpGar Barn that it was probably invented in 
the Union Carbide and Carbon Research labora- 
tories about 15 vears ago, for it was certainly 
used in discussions there among Gus Kinet, 
Joe and himself (and later by Watrer 
Crarrs in his publications) to denote a structure 
frequently found in mildly quenched alloy 
steels of high hardenability; it etched to a 
needle-like appearance vet was softer than real 
martensite, say on the order of Rockwell C-45 
instead of C-60. In the fullness of their igno- 
rance it was also sometimes called “low carbon 
martensite”. 
Its true position as an intermediate trans- 
formation constituent was demonstrated during 
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the investigations begun by Epmunp Davenpori 
and Epéar Barn at U. S. Steel Corp. Research 
Laboratory on the transformation of austenite 
at constant subcritical temperature, where it 
appeared as the somewhat feathery, acicular 
constituent in carbon steels transformed 
between 900 and 300° F.. having correspond- 
ingly increasing hardness numbers from C-12 
to C-60. Since this acicular product of trans- 
formation, different from martensite, has been 
dubbed “bainite” by some, the answer to Gor- 
bON WittiaMs is: “Pseudo-martensite is bainite.” 
Maybe vou will want to know, also. 


April 20 Worried on this day of Apo. 
Hircer’s birth as to the outcome of the saber 
rattling, diplomatic maneuvering, and billings- 
gate which issues from the chancelleries of our 
so-called civilized nations. Mused, pessimis- 
tically, that man’s memory is so very short and 
a new ignorant crop comes along every 20 vears 
so history can repeat itself, so the chances seem 
to be for a horrible war, made universally 

devastating by the discoveries 
Pessimistic of scientists and their applica- 
Interlude tions by engineers. Or have 
we engineers already made 
war so horrible to any people that to contem- 
plate it is to reject it as being the worst of all 
evils? Or has mankind still to fight itself into 
such ruin and savagery that it will be glad to 
forget what it knows of science and industry? 
In this vein Str Ricuanp Grecory in a recent 
lecture in Washington in honor of Exane Root 
said: “Science cannot be divorced from ethics, 
or rightly absolve 
itself from the human 
responsibilities the 
application of its dis- 
coveries to destructive 
purposes in war, or 
economic disturbances 
in times of peace. Men 
of science cannot 
stand aside from. the 
social and political 
questions involved in 
the structure which 
has been built from 
the materials provided 
by them, and which 
their discoveries may 
be used to destroy.” 

For “science” also 


read “engineering”. 


April 24-—Impersonated 
and imitated his radio program “Information 
Please” in still another experiment in the mod 
ernization of technical sessions, this time for 
the Cleveland Chapter @. Several local experts 
(and | really mean experts) sat in front and 
answered questions about) the selection of 
metals for particular services, mailed from. the 
membership or asked by the audience. Apnias 

Wetss of Superior Die Cast 
Die Castings ing Co. proved to be our Join 
us. Plastic 
Voldings mation about metals non 
ferrous. On the competition 


Kiekan in his breadth of infor- 


between die castings and plastic moldings he 
lirst pointed out the immense variety of the lat 
ter and for simplicity subdivided them into two 
classes, “thermal setting” which are solids com 
pacted in a hot mold and held there until thes 
set, and “thermeo-plastic” which, like die cast- 
ings, are melted and then squirted into molds. 
As to size, Wess said that die castings have 
reached about 4 ft. long by 2 ft. wide, consider- 
ably larger than any thermal setting plastic 
moldings known to him (such as scale housings 
and radio cases), and much larger than therme- 
plastic castings such as steering wheel rims, 
the projected areas of which are comparatively 
small. Dimensional accuracy is on the same 
order and depends on the die and machine 
adjustments. Plastics are, however, of a much 
lower order of strength, having only about S000 
psi. tensile strength whereas magnesium die 
castings will run up to 30,000, aluminum: 35,000 
and zine to 15,000 psi.. depending on analysis 
and manufacturing technique. 
lmpact strength of die castings 
is also considerably higher. 
From a production stand- 
point, speed is essential, and 
here the die casting also has a 
vreat advantage. Largest die 
custings can be made one a 
minute, and 300 operations an 
hour are easily achieved on 
castings. Contrasted with 
this, thermal setting plastics 
require from 3 to 15 min. in the 
mold to cure. Injection mold 
ing of thermo-plastics is lim- 
ited by the rate at which the 
raw material can be melted; 
on machines known to Werss 
this is about 5 oz. per min. 


before charring commences. 
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Contributors 


PROM 


\ DEGREE OF Se.Bo 


Massachusetts Institute of Technology in 1922 and 
a DSe. from University of Naney, France, in 
1925, Edwin Dudley Martin has also studied at 
Cornell, Boston University, and Ecole Supérieure 
de la Metallurgie and de ViIndustrie des Mines, 
France. research chemist and metallurgical 
engineer for New Jersey Zine Co., he made a sur- 
vev of the zine industry in Europe. In 1926) he 
switched to more commercial activities as assistant 
to the president, Edison Portland Cement Co. From 
1929 to 1985 he was vice-president and general 
manager of Emark Battery Corp... and 1934 
was made vice-president of the parent company, 
Thomas A. Edison, Inc. In 19387 he made the jump 
back into the field of his original choice the steel 
industry as development engineer for Inland 
Steel Co. He is now assistant chief metallurgist in 


charge of development and research. 


R. H. Caughey and H. Habart have both heen 
with National Tube Co. since they received their 
respective degrees Caughey a B.S. in metallurgy, 
from Pennsylvania State College in) 1985, and 
Habart a BS. from Case in 1925 and M.S. from 
University of Alabama in 1926.) Both are in the 
metallurgy department at the Ellwood Works. 


Columbia University graduated Harold Knowl- 
ton Work (a down-easter born in Hartford, Conn 
with degrees of A.B. and ChE. in 1925.) Securing 
a research fellowship at Mellon Institute of Indus- 
trial Research, he simultaneously continued his 
Studies at University of Pittsburgh, receiving his 
Ph.D. in 1929. The next seven vears were spent 


with Aluminum Co. of America as division head in 


Edwin D. Martin Harold Work 


the research laboratory and chemical engineer in 
the jobbing division. In 1936 he joined Jones & 
Laughlin Steel Corp. as manager of the Research 


and Development Department 


Co-author of the article on the small open- 
hearth is Maurice H. Banta, associated with Dr 
Work as a division head in the research and devel- 
opment division. Born in Elwood, Ind.. he has 
been with Jones & Laughlin since his graduation 
from Purdue University in 1930 with a B.S. in 
chemical engineering. For the first seven vears 
he worked at the Aliquippa Works metallurgical 
department before being transferred to the 
Research and Development Department. 


Although Gregory Jamieson Comstock was 
born in Cleveland, his early education was obtained 
in the public schools of Edgewood, Pa. and at 
Phillips Andover Academy. Following graduation 
in 1917 from Sheflield Scientific School he served 
in the U.S. Army for 2's yvr.. whereby, in his own 
words, he “assisted some 80,000 horses and mules 
in their efforts to reach France to make the world 
safe for democracy”. After the War he was 
successively as metallurgist with the 
American Hardware Corp., metallurgist and man- 
ager of experimental factory for the International 
Silver Co., Director of Research with Firth-Ster- 
ling Steel Co... and 
more recently as con- 


Gregory J. Comstock 


sultant in powder met- 
allurgy and manager 
of Metal Powder Prod- 
ucts Division for 
Handy and Harman, 
the well known firm of 
silver merchants. His 
recent interests have 
been in the develop- 
ment and production 
of hard cemented car- 
bides and contact 


materials. 


Maurice H. Banta R. H. Caughey 
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Fhe Nickel-Sili Svste 
stem 
By A. Osawa and M. Okamoto 
_~ Science Reports of the Tohoku Imperial University, Vol. 27, No. 3, January 1939, Page 326 
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In 1896 .. bicycle 


In . feathering propellers 


Nickel made both run longer 


STYLES in steels change, too. Yet among the first commer- 
rade cial users of alloy steels, the Whitney Chain & Mfg. Co., 
iis § Hartford, still depends upon Nickel alloy steel. In 1896, 
i Whitney built bieyele sprocket chains from 50> Nickel 
steel. Today's Whitney roller chain industrial drives still 
include 5°) Niekel to assure toughness and wear resistance. 


1939 airliners can “shift gears” in mid-air. For this, 
thank Hamilton Standard engineering which produced 
Hydromatic feathering hubs, and modern metallurgy 
which provides heat treated 50 Nickel steels that with- 
stand the stress, shock and crushing loads imposed. 


For information about money-saving applications of 
Nickel in your industry : please write to the address below. 


No drag or damage from 


a dead engine on a mod- 


ern plane equipped with 
Hamilton Standard Hy 


dromatic selt-feathe ing 


propellers. Vital parts ir 


hub mechanis» are 
aged from SAE 

© Nickel stecland SAE 

5340 Nickel-chromium- 

mol 


THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL ST., NEW YORK, N. Y. 
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Letters from 


Abroad 


Collapse of the Hasselt Bridge 


Letter from ALBenr M. Porrevin 


Professor, Ecole Superieure de Fonderie 


ARIS, France - On March 14, 1938 the Has- 

selt Bridge collapsed into the Albert Canal 
in Belgium. It was of the all-welded Vierendee] 
type, 250-ft. span, constructed of plates of mild 
steel made in basic converter, tensile strength 
60,000 to 70,000 psi., elongation 20 to 241%). As 
shown in the photograph on the next page the 
breaks were clean with no jagged edges, elonga- 
tion er necking; no part seems to have sagged or 
become deformed; the breaks were found to 
extend through both the welds and the parent 
metal without favoring one or the other. 

The bridge was still in the water and no 
sample had yet been removed and examined or 
tested before opinions and verdicts were freely 
rendered in words and in writing, all the more 
assertive and peremptory that no experimental 
proof was brought in support of them. By 
assembling all of these opinions it is possible 
to make a complete collection of all possible 
causes. The various factors blamed were: 

1. The metal: Thomas steel — a steel made in 
a basic-lined converter, and said to have little duc- 
tility, or capacity for flow under the welding heat, 
and possibly non-weldable as well. 

2. Design: Type of construction, rigidity of 
the bridge members, use of welding, calculations 
made without taking into account residual stresses. 

3. Construction: Poor welding procedure 


both in shop and field, use of large electrodes gen- 
erating local defects, poor sequence in assembling 
the members, exaggerated residual welding stresses 

t. Aging of the steel at the weld 

The above include only the published opin- 
ions and assertions. It is obvious, since almost 
all the possible causes of the accident are enu 
merated in this list, that some of the authors 
are consequently right. Moreover, since most 
accidents occur only as the result of the super 
position of several errors and of the interaction 
of several causes, we can see that in this lottery 
there will be more than one winner who will 
glory in his perspicuity, which is really only 
shallow-mindedness, for no true technical man 
should utter an opinion without thorough study 
and an expert survey in which all the positive 
data have been collected and verified. 

Moreover, not a few false opinions will have 
been publicly propagated and will have unjustly 
discredited fabrication processes or construc 
tion conditions perfectly capable of good use if 
certain well-known rules are observed. 

Consequently, there results not only a 
regrettable loss of time, but also a propagation 
of errors prejudicial to technical progress. The 
writer has himself had occasion, in the course of 
making technical surveys of accidents such as 
the failure of the Lac Noir conduit, to ascer- 
tain how many false opinions were circulated 
among the general public, and even among tech 
nical men. It must not be forgotten cither that 
among the numerous causes that may be 
assigned a priort to an accident, each person 
who has been connected with the work prefers 
to choose and publicize that cause which mini 
mizes his own responsibility. 

In this accident, as in others, we should 
await) the conclusions of the commission 
appointed by the Belgian Government to inquire 
into the causes. It would then be very desirable 
(and it is not always done) to give the utmost 
publicity to its conclusions so that they may be 
taken into consideration in preventing the recur- 
rence of such accidents. 

Determining the responsibility is of little 
importance from the general standpoint of prog- 
ress and technical security, while establishing 
the causes and above all indicating the remedies 
is a useful and fecund labor. 

As soon as these causes are elucidated by 
the Commission of Inquiry we shall not fail to 
make them known. Meanwhile, we can best 
recall certain general rules which, though they 


may not be the primary cause of the accident, 
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Fractures at Hasselt Bridge, Showing no Apparent 
Ductility. (Members had webs and flanges of 
plates, welded together.) Photo by M. Marechal. 


should be conformed to by welding engineers: 

1. The metal used should be examined as 
to its weldability, not only for local or metal- 
lurgical weldability but also for structural weld- 
ability. The test for local weldability is made 
on separate test specimens and determines the 
reaction to stresses after welding; the test for 
structural weldability is 


made on assemblages 


tributed along the length or axis of the assembly; 
the assemblages should be so arranged that 
transverse shrinkage in each one may have free 
play; large concentrations of welds and mem- 
bers of variable rigidity should be avoided. If 
there are any doubts as to the extent of internal 
stresses, their presence or absence should be 
verified in the welded structure, even if this 
necessitates sectioning it, measuring the ensuing 
movements, and then rewelding. 
Atpert M. Porrevin 


New High Speed Steels 


Letter from H. HouGarpy 
Research Laboratories, Deutsche Edelstahlwerke 


REFELD, Germany 
high speed steel have ordinarily relied on 


Developments in 


alloy content for a criterion of steel quality. 
This explains, in the final analysis, why tung- 
sten was continually increased from the air- 
hardening Mushet steels to the first Taylor- 
White high speeds. For the same reason cobalt 
was added in the course of a year, and then 
vanadium was added in higher percentages, 
likewise improving the cutting efliciency. 

However, after more accurate information 
was secured on the nature of the high speed 
steels and the appropriate heat treatment for 
each steel was established, it became apparent 
that the amount of alloy is not the decisive fac- 
tor in judging high speed steel. A far better 
criterion is the actual cutting life of a standard 
tool. This knowledge contributed substantially 
to the introduction of several new high speed 
steels in Germany, which were created first as 
an outcome of this general enlarging of our 
information, and second because a shortage of 
certain raw materials, especially tungsten, cur- 
tailed the use of this metal. 


New German High Speed Steels 


to determine important 

q NEWER TUNGSTEN STEELS OLDER STEELS COMPARAPLE 
internal stresses and the EFFICIENCY (CHROMIUM 4%) iN CuTTING EFFICIENCY 
resistance of the weld 

Mo N W (max. \ Co 
to high temperature 
it determines the reac A 10 to 12 1.0 max. 1.0) max. 18 0.8 max. 
' tt / B 10 to 12 1.0 max. 1.5 max. 18 1.2 max. 
stresses ¢ Wn ‘ ‘ 
ering to 13 1.0 max. 2.0 max. 18 1.8 max. 
welding. I) 12 to 13 1.0) max. 2.7 max 18 1.8 max. 
2. In executing the E 13 2.0 max. 1.7 to 5.0 18 2.5 min. 2.5 min. 
work, the directions in New MoLyspENUM STEELS 
which the welding is B 2.0 8.0 1.2 18 19 
> ‘ ‘ .2 max 
done must be svymmet B 3.0 3.9 3.0 ; 
DD 6.0 1.5 2.4 18 1.8 min. 
rically placed and dis- 
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Our high speed steels today are classified 
in two groups — (a) the tungsten steels and (b) 
the molybdenum steels. The first table shows 
tvpical compositions of the steels now in com- 
mon use in Germany and classifies them into 
groups as to cutting efficiency, so they can be 
compared with the steel formerly prevalent. (It 
is understood, of course, that the chromium 
remains constantly at or about 4%.) 

It is apparent that the tungsten content in 
all steels can be limited to 10 to 13%. Likewise 
the cobalt steels do not need so high a tungsten 
content to produce equivalent tools. The steels 
with vanadium were even earlier reduced to 
12°¢ tungsten, since it was found that the same 
cutting efficiency was obtained, especially in 
roughing cuts. 

To trace the development of the molybde- 
num alloy steels we can, on the one hand, go 
back to German investigations made during 
the vears 1914 to 1923 when attempts were made 
to substitute molybdenum for tungsten, or on 
the other hand we can credit more recent experi- 
ments in the United States on molybdenum 


alloy steels, which have been carried to such 


Cutting Efficiency of Various High Speeds 


Cutting Efficiency of Tungsten High Speed Steels 


STEEL COMPOSITION (a) Too. Lurs 
No. Mo | IN MIN. (b) 
1 0.77 16.93 0.99 0.70 10) 

2 0.75 18.40 0.98 0.55 39 
3 0.79 11.70 1.35 0.68 57 
4 0.76 19.02 0.79 0.20 28 


(a) Chromium in all, about 4%. 


(b) Cutting plain carbon steel of 100,000 psi. 
tensile strength; depth of cut 0.120 in.; feed 0.036 in. 


per revolution; cutting speed 60 ft. per min 


service life. On the other hand, the tendency 
among makers of the leading molybdenum steel 
tools has been to specify a minimum content of 
molybdenum as well as vanadium. The life of 
these steels is comparable to that of standard 
18-4-1 (18° W, 4% Cr, and 1% V). 

However, it has further been established 
that by varying the tungsten, molybdenum and 
vanadium content even within very slight lim 
its, a pronounced change in cutting efliciencys 
can be obtained. The third table shows the 
results of tests to determine the effect of changes 


alloy content. Steel No. 5 represents a stand. 
ard 18-14-1 steel. If the tung- 


sten content is lowered to 6' 


STEEI COMPOSITION (a) 
No. TYPE % C % W %V 
5 18-4-1 0.75 18.40 0.98 
6 Molybdenum-free 1.43 5.89 4.52 
7 Steel 2 plus Mo 0.81 5.60 2.37 
s High molybdenum 1.07 4.22 2.85 
i) High molybdenum 0.92 3.98 2.29 
10 Low tungsten 0.93 2.47 2.63 
11 Low tungsten 0.99 1.96 2.80 
12 Tungsten-free 1.10 — 3.18 


Mo | IN MIN. (b) 


and the vanadium content 
Poou Lirt 
raised to 4.5‘ necessitating 


a simultaneous increase in 


carbon content, then the cut- 
$0 ting life obtained is only hall 
oF that of the 18-1-1 steel (steel 
No. 6). If 1% molybdenum 
25 is added, permitting a simul 
19 


taneous decrease in vana- 


‘a’, ¢(b), See footnotes to other table. 


fruitful conclusion here. As an example of the 
fact that a tool with 12° tungsten is capable of 
the same cutting efliciency as one with the same 
vanadium and molybdenum content and 18% 
tungsten, see steels No. 1 and 2 of the second 
table. If we go a little further and simul- 
taneously raise the vanadium and molybdenum 
content somewhat, we obtain a cutting life dou- 
ble that of a steel with 18°% tungsten (compare 


steel No. 3 with No. 4). 


In the three new molybdenum steels of the 
first table the molybdenum runs between 3.5 
and &8@, although in other analyses the tungsten 
and molybdenum content may vary from these 
figures. No tungsten-free steels have been man- 
ufactured, for it has been demonstrated without 
doubt that tungsten-free steels possess a short 


dium content to 25°, a 

cutting life comparable to 
the 18-4-1 steel is again obtained (steel No. 7). 
Further increase in molybdenum content again 
raises the cutting life considerably (steels No. 8 
and 9). A simultaneous decrease in tungsten 
content again lowers the cutting life (steel No 
10), which, moreover, cannot be restored by 
raising the molybdenum content (steel No. 11) 
Complete absence of tungsten gives a minimum 
cutting life (steel No. 12). 

It is thus clearly evident that molybdenum 
cannot be substituted for all of the tungsten, but 
that the elements tungsten, molybdenum and 
vanadium must be specified in proper propor 
tion, in addition to about 4° chromium, if opti 
mum cutting life is to be obtained, assuming 
always that each steel tool is properly fabricated 


and heat treated. H. 
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“Certain Curtain” hardening and pre-heating furnaces in 
action on high speed steel at John Bath & Co. 


Ground from the solid after hardening, Bath tools 7 
have established a reputation for long cutting life. ; 


“We feel we are now developing the working 


qualities of our steel to the highest degree, 


—states John Bath & Co. 


Protection of tool surface is usually thought of as the chief function of 
“Certain Curtain" control of furnace atmosphere. 


Yet here is a maker of ground-from-the-solid tools of high speed steel, 
who is definitely enthusiastic about “Certain Curtain’ hardening. Why? 
Because this precision control of atmosphere is important to sub-surface 
structure, as much as in protection of surface. 


“The big thing about your furnaces from our point of view,"’ states John 
Bath & Co., “is the sureness with which we can predetermine results, and the 
ease with which we obtain these results consistently. With our former equip- 
ment, we were producing good hardening results, but it required a great deal 
of time and care to secure the desired hardness and grain structure. 


We are now able to keep our hardness uniformity within 14 point tolerance, 
and in addition we get an improved structure: fine grain with slight boundary 
and good carbide solution. We feel that we are now developing the working 
qualities of our steel to the highest degree.” 


In the above plant, two Hayes furnaces handle a volume of work which 
formerly required FOUR fuel furnaces! And in other plants using 1,000 
“Certain Curtain’’ furnaces the world around, the experience is similar: tools 
with improved working life, produced at lower cost. Request new Bulletins 
128105. C. 1. Hayes, Inc., Est. 1905, 129 Baker Street, Providence, R. |. 
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MAKING PRODUCTION 
DOLLARS S-T-R-E-T-C-H 


The simplification or elimination of fabricating proc- 
esses is one way of making production dollars go far- 
ther. Molybdenum steels are often a help in that way. 

For instance, a manufacturer of high pressure motor 
driven pumps uses cast Nickel-Molybdenum steel for 
cross-head guides because it has the required tough- 
ness and hardness. In addition, the ready machin- 
ability and close grained structure of the steel make 


it possible to produce a good bearing surface in the 


guide runways by a light cut with a shearing tool. 
One finishing operation — grinding — is entirely 
eliminated. 

Rechecking your own material specifications may 
reveal places where Molybdenum steels will produce 
better results, or lower costs, or both. Our technical 
book, “Molybdenum in Steel,” will be sent free to 


any interested production executive or engineer who 


requests it. 


PRODUCERS OF FERRO-MOLYBDENUM, CALCIUM MOLYBDATE AND MOLYBDENUM TRIOXIDE 


Climax Mo- Iyb- dante pany 
500 Fifth New k City 


May. 1939: 
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Personal 


Norman A. Matthews © has 
been assigned for a year to the 
Research Laboratory of United 


States Steel Corp. at Kearny, N. J., 
after which he will return to the 
metallurgical department of 


National Tube Co., Lorain, Ohio 


Bassett @ is now 
Detroit. 


Horace Y. 
with Wolverine Tube Co., 


Albert A. Frey @ is now with 
Wheeling Steel Corp. 
electrical 


as special 
metallurgist on sheet 


steels. 


William D. Poole @ has been 
appointed metallurgical super- 
visor of the sheet, tin and strip 
division of Bethlehem Steel Co.’s 
plant at Sparrows Point, Md. 


Ellis A. Walker @ is now with 
Republic Steel Corp. at the Buf- 
falo plant. 


KEEP DRUM 
THIS UNIQUE CUTTING OIL 
YOUR PLANT 


AMER 


Pot'd. Oct. 19, 1926 


LARGEST SELLING 
URIZED CUTTING OIL 


Local engineering service and warehouse 


stocks at principal 


industrial centers. 
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Transferred by Republic Steel 
Ralph W. Farley ©, trom 
electric weld tube mills in 
Youngstown to Houston, 
as field representative on tubular 


Corp.: 
Texas, 


goods. 


James L. Sutherland @, O.S.U. 
1939, is working in the 
metallurgical department of 
Youngstown Sheet & Tube Co., 
Youngstown, Ohio. 


now 


Added to technical staff, Bat- 
telle Memorial Institute, Colum- 
bus, Ohio: Arthur E. Bearse, 
chemist, formerly with Arthur D. 
Little, Inc., and Howard Peters 
©. metallurgist, formerly with 
Central Indiana Gas Co. 


William K. Kellogg @ has been 
transferred from the Sanderson 
plant at Svracuse, N. Y., of Cruci- 
ble Steel Co. of America to the 
Chicago office in the sales depart- 
ment. 

Johnston Kingsley @ has been 
transferred by Crucible Steel Co. 
of America from Pittsburgh to 
Harrison, N. J. 


Edwin R. Richards @ is now 


assistant superintendent No. 3 
openhearth and bessemer, Car- 
negie-Illinois Steel Corp., Chi- 


cago. 


Promoted by Inland Steel Co.: 
Ervin J. Sanne @ to assistant 
manager of sales in the sheet and 
strip steel division, Chicago; 
Frederick A. Ernst to district 
sales manager at St. Paul; Harry 
A. Johnson @ to assistant district 
sales manager at St. Paul. 


Donald M. Yenni @ is now 
with Spencer-Smith Machine Co., 
Howell, Mich. 


Thomas J. Wood 6, 
with the foundry division, Robins 
Passaic, N. J., 
is now assistant metallurgist for 
American Brake Shoe & Foundry 

»., Mahwah, N. J. 


formerly 


Conveying Belt Co., 


Now Chicago representative ot 
the Ohio Crankshaft Co.: Leslie 
C. Schweitzer @, formerly of 
Westinghouse Electric & Mfg. Co. 
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A. STUAR 
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Why steel sometimes warps 


pes 


Stress-relief anneal 
will usually 
prevent it 


_— time to time machine shops complain of 
warpage or distortion when machining steel 
bar stock. This is usually noticeable only when 
the part is long. It occurs on “‘as-rolled”’ or heat- 
treated bars which have been machine straight- 
ened and on cold-drawn bars, especially where 
key-ways are cut. The harder or stronger the ma- 
terial, the more likelihood of trouble. 


Cause. The cause is not a defect in the metal, but 
rather stresses set up within the steel by straining 
it beyond its elastic limit. Machine straightening 
a bar will do this, as will cold forming or cold 
drawing. Even the cold working that the steel 
receives by heavy machine cuts may be the cause 
of such warpage. 


Remedy. The remedy is to relieve such stresses 
before machining (or between machining opera- 
tions, if heavy cuts are taken). This can usually 
be accomplished by a low-temperature or stress- 
relief anneal. 

Such an anneal will usually be carried out at a 
temperature between 800 and 1100 deg. F. Obvi- 
ously, on quenched-and-tempered parts, the tem- 
perature should be held approximately 100 deg. F. 
below the tempering temperature to avoid soften- 
ing the steel. 


Effects of this sub-anneal. A stress-relief anneal 
will have no harmful effects on the steel. To a 
limited extent it may improve the physical prop- 


Effect of stress-relief anneal shaded area It rawses the elastic limut 


without noticeably affecting yield point or tensile strength 


erties. Note the curve above. The elastic limit, or 
point where the stress-strain curve leaves a 
straight line, is lowered by cold-working steel. A 
stress-relief anneal will raise this point until it ap- 
proaches the yield point. Little difference will be 
noticed either in yield point or tensile strength. 
Ductility, if changed, will be improved. 


Metallurgical advice. A call to the nearest 
Bethlehem office, or a letter to Bethlehem Steel 
Company, Bethlehem, Pa., will bring metallurgi- 
cal advice on this or other subjects. To make use 
of this service places you under no obligation. 


BETHLEHEM STEEL COMPANY — 
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Personals 


associate engineer with the U. 


Department of the Interior on the 

Bonneville Project at Portland, 

Ted Barker, tounder member Ore. For about a year he will 
&. tormerly president, Accurate travel in the East as technical 


Stecl Treating Co., is now pro- 


prietor of the Atascadero Motor ment being purchased for the 


Lodges at Atascadero, Calit project. 


Tom Addison has been named C. R. MacBride has been 


chiel designing engineer for 
Defiance Machine Works, Defi- 


anee, Ohio Byers Co., Pittsburgh 


“Designed and Built by Holcroft” 

Efficiency has been designed and built into this L- 
type furnace for carburizing gears in a farm implement 
plant. 

Trays of gears go through the carburizing furnace 
in the foreground, through quench tank, washing ma- 
chine and draw furnace—automatically. The U-type 
layout brings trays back to charge end of the carbu- 
rizing furnace, with no return conveyor system re- 
quired. Capacity, 700 to 1400 pounds per hour at 1700 
degrees F., producing a case .040" to .070". 

Why not check your heat treating operations with a 
Holeroft engineer—or, as a starter, send for the new 
“Controlled Atmosphere” catalog. 


Carl H. Bjorquist @ is now an 


inspector of materials and equip- 


appointed manager of the engi- 
neering service department, A. M. 


OLCROFT & COMPANY 


Leaders in Building and Designing Electric and Comoustion Furnaces, Kilns ——— BY : 
and Ovens. Home Office: 6545 Epworth Blvd., Detroit—Branches: Chi CHOLERGET & COMPAN 


Philadelphia anad2 alker a! Products. Lt alkerville, Ont 
cago adelphia. Canada: Walker Meta! Products, Ltd.. Walkerville, On 
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Promoted by American Steel & 
Wire Co.: Walter F. Munford, 
formerly superintendent Cuya- 
hoga Works, to assistant to vice- 
president (operations) at the 
main office in Cleveland; H. L. 
Jenter formerly assistant 
superintendent, to general super- 
intendent, Cuyahoga Works; R. 
H. Barnes ftormerly district 
metallurgist in Cleveland, to divi- 
sion metallurgist on flat rolled 
products and strip; J. E. Millen 
©. formerly in charge of statis- 
tical work in the Cleveland dis- 
trict physical laboratory, to 
assistant division metallurgist on 
standard practice. 


William J. O'Sullivan &, junior 
aeronautical engineer, has been 
appointed for probational duty 
at Langley Field, Va., in the 
Flight Research Division of 
National Advisory Committee for 


Aeronautics. 


Among the nominees for 
directors of the Gray Iron Found- 
ers’ Society, Inc. are C. R. Culling 
&. vice-president, Carondelet 
Foundry Co., St. Louis, and Peter 
E. Rentschler &,. president, Ham- 
ilton Foundry & Machine Co., 
Hamilton, Ohio, for three year 
terms: and C. A. Cullinan @, 
president, Western Foundry Co., 
Chicago, and A. C. Denison 6, 
president, Fulton Foundry & 
Machine Co., Cleveland, for one- 
vear terms. 


B. B. Beckwith ©, formerly 
with Chrysler Motor Corp., has 
joined the metallurgical staff of 
Vanadium Corp. of America with 
headquarters in Detroit. 


Bradley Stoughton, national! 
treasurer @, head of department 
of metallurgical engineering, 
Lehigh University, has been 
elected an honorary member of 
the Yale Engineering Association. 


Appointed by the Carborun- 
dum Co.: John Storm, as district 
sales manager at New York City, 
succeeding Frank J. Harrington, 
transferred to the sales depart- 
ment at the main office in Niag- 
ara Falls, N.Y. 


TOOL LIFE! 


INCREASE 
PRODUCTION SPEED! 


Cities Service Cutting Oils can help you to attain 
these ends because they are Service Proved—proved in 
Service by satisfying, discriminating and exacting cus- 
tomers—turning out not only good but superior work. 

Built into the Cities Service Cutting Oils you buy, are: 

Experience—arising out of many years of service 
to the metal working industry— 

Uniformity— the result of careful laboratory con- 
trol— 


of production, refining and market- 


@ Increased production speed! . . . Longer tool life!— “Metal Cutting Lubrication—In Theory and Practice,” 
How often have these been your worries? it's yours for the asking. 


This is the “Heat Prover’’—an ingenious 
device that might be helpful to you. It's a 
by-product of our research in metallurgy 
It registers, continuously and instantane- 
ously, changes in the amount of oxygen and 
combustibles in furnace gases. Invaluable 
in the heat treatment of metals— assures 
uniformity and reduces scrap losses. 


CITIES SERVICE OIL COMPANY 
Low Cost— resulting from complete integration SIXTY WALI 


POW ER—ROOM 1626A. NEW YORK, 


Please send me information concerning your Engi- 


ing—from oil well, to pipe line, to neers’ Lubrication Service............... k 
refinery, to your shop. Please let me know how I can get Heat Prover  , 

Have you a metal cutting lubrication problem? If so, oe 

a ‘ Please send me folder on Cutting Oils.... k box) | 
our Lubrication Engineers’ Consulting Service will 

help you solve it. There is no obligation. This service \ame 
is free. Also, if you'd like a copy of our new booklet, iddress City — 


SERVICE PROVED INDU 
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Columbia 


TOOL STEEL 


OLD vs NEW— 


Open forge hardening cannot give 


as uniformly good results as modern 


hardening practice. 


There is as biga difference from con- 
trolled temperatures and atmospheres 
in the manufacture. Columbia offers 
this added advantage. 


COLUMBIA TOOL STEEL COMPANY 


ARTHUR T. CLARAGE. PRESIDENT 
OFFICE wORKs 


$00 EAST 14TH. STREET + CHICAGO HEIGHTS, 1k: 


PYRO optic: SIMPLIFIED == 


OPTICAL PYROMETER 


YOU CANNOT AFFORD 
NOT TO OWN ONE! 


The Only Self-Contained, Di- 
rect Reading, Rugged and 
Fool-Proof Instrument for 
Steel Plants, Foundries, Lab- 
oratories, Ete. 

Unique construction enables opera- 
ol rapidly determine tempera- 
ture even on minute spots, fast 
moving objects or the smallest 
streams; no correction charts to 
consult, no accessories, no upkeep 
New concentrated test mark and 
ease of operation permit unusually 
close and rapid temperature deter- 
tainations. PYRO is standard equip- 
ment ee the leading plants in 
your stry 

Stock Rat iges 1400° to 5500° FP. 


PYRO RADIATION PYROMETER 
The ideal instrument for Furnace 
or Kiln use. Gives actual Ly oan of 
m 


In temper- 
skilled 
Elim- 
Always 
seconds 


equip- 


Write for special bulletins. 


The Pyrometer Instrument Co. 


107-9 Lafayette St. New York City 


Vetal Progress: 


Structure of Atoms 
By G. P. HARNWELL 


Extracts from “Our Knowledge of Atomic Nuclei” 
Journal, the Franklin Institute, April 1939, p. 443 


Tae SUBJECT WHICH WITHIN THE PAST 
few years has come to be known as “nuclear 
physics” is an outgrowth and in many ways the 
culmination of the research in atomic physics 
which began with the opening of the present 
century. As a result of these earlier researches, 
especially on radioactive materials, it was con- 
cluded that an atom contained a characteristic 
number of “electrons” but that the massive por- 
tion was concentrated in a very minute region at 
the center of the space occupied. The “diameter” 
of this central mass or nucleus is of the order of 
a hundred-thousandth the “diameter” of the atom 
as a whole. The general relative scale and tenu- 
ousness of an atomic system is similar to that of 
our solar system where the central sun, though 
much smaller then the outermost planetary orbit, 
comprises most of the mass. These facts and the 
additional one that radioactive emanations are 
given off in a statistically predictable way were all 
that was known of the matter up to 1919. 

What is an electron? All we know about it is 
that there is a characteristic minute invariable 
electric charge associated with it and that it has an 
effective mass which is about a two-thousandth 
that of the hydrogen atom, the lightest one known. 
Furthermore, it acts as if it were a minute elec- 
trically charged spinning top, for it possesses 
angular momentum and a magnetic moment. In 


addition to these facts, we know very roughly 
indeed the volume of space it occupies, and that is 
absolutely all we know about its size and shape. 

How are the electrons and the more massive 
constituent or constituents held together to form 
an atom? As these two components have opposite 
charges and we know opposite electrical charges 
“attract” one another, we have here one possible 
type of force. Our investigations have shown that 
there are other types of which we know very lit- 
tle. In the first place, the identical nature ef the 
electrons apparently gives rise to forces between 
them. In addition the spinning or vortical motion 
that appears to be associated with these ele- 
mentary particles gives rise to spin forces of inter- 
action in somewhat the same manner as two 
smoke rings can be bounced from one another 
The fact that I cannot describe these forces better 
shows that we have much to learn about them. 

Information concerning the well-guarded 
nucleus awaited the discovery in 1930 that we can 
accelerate charged atoms of hydrogen and helium 
in electric fields until they Cont. on page d02) 
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Above: Continuous 
clean hardening in 
Reciprocating Full 
Muffle Heating Ma- 
chine under atmos- 
pheric control. 


Left: Continuous “NI. 
CARB” surface hard- 
ening without 
quench for a uni- 
form, thin, hard case. 


Below: Continuous 
clean hardening in 
Rotary Retort Ma- 
chine with atmos- 
pheric control, also 
rotary tempering and 
gunmetal finishing. 


Modern Equipment 
for 


Continuousor Batch 
Gas Carburizing 


Clean Hardening 


Clean Annealing 
“Ni-Carbing” 
Nitriding 
Normalizing 


-—Write—— 


American Gas Furnace Co., Elizabeth, 
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indivisible particles that have 
been discovered by research and 
of which the nucleus of all atoms 
yvarlous 


mass closely the same as that of 
hydrogen but ineapable of 
charge. 


Atom-Structure 


acquiring an_ electric 


(Cont. from p. 500) gain sufficient Hence this received the name is probably composed 
speed to disintegrate other atoms “neutron”. A new, very light proportions are the proton, 


particle was also which is the hydrogen nucleus, 
and the neutron. When recited 
baldly our knowledge ot these 
particles does not seem extensive. 
We know their masses | which 
are closely the same) and their 


that they encounter. These par- electronic 
ticles available in large quan- found, having a characteristic 
positive charge and_ therefore 


“positron”; it might be 


tities and with controllable 
speeds are the chief agents of called 
thought of as the opposite of the 
electron which had been known 


modern research this field. 
Within two years was proven the 
existence of a hitherto unsus- for 30 years or so, 

The fundamental and as yet 


electrical characteristics, the pro- 
ton having a characteristic posi- 
tive charge and the neutron none 
at all. We also know very 
roughly the volume of space they 
occupy and that they have cer- 
angular 
behave 


pected atomic particle with a 


tain’ characteristic 
momenta, that is, they 
somewhat like minute spinning 

As the proton has a charge 


tops. 
AO 5 Tr oO 35 and is rotating, we would expect 
y WHEELABRATOR it to behave like a small magnet 
which indeed it does, and some- 
AIRLESS ABRASIVE BLAST MACHINES [Rianne 
in THE LAST FIVE YEARS ! vy Pee: uncharged neutron also appears 


to have magnetic properties. This 
59 OTHERS ORDERED 2 TO 5 MACHINES EACH 


HINK of it!—in only five years’ time 

nearly 700 WHEELABRATOR airless 
abrasive blasting machines have been 
installed wherever metals are cleaned 
or finished. The following concerns 
have installed from 5 to 35 machines 
each, and 59 others have ordered from 
2 to 5 machines—a record that speaks 
for itself. 


is all we can say about these par- 
ticles except that there are appar- 
ently forces between them that 
bind them into complexes that 
we call the nuclei of the atoms 
of all the different elements. 
These forces apparently 


have no analogues in our large- 


scale world. 


The simplest nucleus is that 


Wheelabrator Tablast 
of hydrogen which is the proton 
oot itself. Then comes the nucleus 
General Motors 35 of heavy hydrogen which is com- 
International Harvester Co. 33 posed of one proton and one neu- CH 
Ford Motor Co. 32 tron. The combination of three ' 
Magnus Company 13 of these particles appears for Amc 
Chrysler Corp. 13 some strange reason to be rela- Meta 
Cleaning Forgings in a 36” x 42 National Mall. & Stl. Cstgs. Co. 11 tively loosely held together or ; ara 
Wheelabrator Tum-Blast Borg-Warner Corp. ll fragile, for we do not observe it Or 
Kelsey-Hayes Wheel Co. 10 in nature. The helium nucleus ‘ 
Campbell, Wyant & Cannon Fdry. 9 which is formed of two protons tor 
General Electric Co. 9 and two neutrons is a particu- 2 
Amtorg Trading Corp. (U.S.S.R.) 7 larly strong and compact struc- wee 
Timken Roller Bearing Co. 7 ture. The next lightest atom, Fry, @ 
Eastern Malleable Iron Co. 6 that of lithium, is composed pome 
: Associated Spring Co. 5 three protons and either three or peeve 
| Cleaning Tractor Cylinder Blocks in American Brake Shoe & Fdy. Co. 5 four neutrons and so on through Ork, 
‘| a Wheelabrater Special Cabinet Allis-Chalmers Mfg. Co. 5 the entire periodic table till we bag 
reach uranium, which is com- 
| THE posed ot 239 of these units, 92 
‘ Be , erican FOUNDRY EQUIPMENT CO. being protons and the balance a 
$11 S. BYRKIT ST. MISHAWAKA, IND neutrons. (Cont. on page d06) 
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requirements 


CHROME NICKEL TYPES 


Among the many grades of Allegheny 
Metal there is one best suited to your 
articular service requirements. 


Outstanding in breadth of applica- 
are Allegheny Metal 18-8 


fording maximum corrosion resist- 


> and permanent beauty of surface 
erever employed, whether in indus- 
architecture, transportation or the 


me...and Allegheny Metal 25-12, 


Serving industry as the most readily 


rxable high-temperature-resisting, 


ugh-strength alloy offered in commer- 
ial forms and quantities today. 


e thirteen other standard grades 
numerous modifications in Alle- 
y Metal's current list have each a 


fet ite group of advantages with which 


progressive engineer should be 


ar. 


STRAIGHT CHROME TYPES 


Nineteen standard Allegheny Stainless 
grades and several modifications are 
available. 
industry are the adaptable Allegheny 


Extensively used throughout 


46—for applications demanding 
strength at temperature with resistance 
to corrosion combined with facility of 
fabrication; Allegheny 12—for applli- 
cations requiring corrosicn and heat- 
resistance and the ability to respond 
to heat-treatment as well as ease of 
fabrication; Allegheny 17—for resist- 
ance to chemical and atmospheric 
corrosion coupled with facility of fabri- 
cation; and Allegheny 28—employed 
where applications demand maximum 
temperature resistance, but where no 
difficult fabrication is involved. 
Allegheny Ludlum offers the com- 
plete cooperation of its Research and 


grade 


Metallurgical Departments in deter 
mining the correct alloy or alloys best 
adapted for 
processing applications,—without ob- 


Would you like 


latest bulletins? 


your various chemical 


ligation of course 
copies of the 


ALLEGHENY LUDLUM 
STEEL CORPORATION 


PITTSBURGH, PA. 


WAREHOUSE STOCKS IN PRINCIPAL CITIES 
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Atom-Structure 


U2) 
ordi- 
with 


(Continued from page 
By bombardment of 


nary elements 


chemical 
atomic and subatomic particles 
and by light of ultra short wave 
length we have been able to make 
atoms which 


olf a 


many new kinds of 
are not bul 
light fragment or 


stable throw 


absorb one ot 


their surrounding electrons, thus 
again a stable configu- 
that is, we are able to 
radioactivity in a num- 
and this is of 


forming 
ration 
produce 
ber of elements, 
the utmost practical importance 
The direct therapeutic 
effects of the 
ants of ordinary elements are the 
same as those of radium and if 
result than 


radioactive vari- 


there were no other 
the production of large amounts 


Du Pont 
SALTS 


cate, preferred 
“fot 


BATHS 


WIDE OPERATING RANGE; 
Consistently good results 
can be wide 
variations of temperature 
) and operating conditions. 


UNIFORMITY: All du Pont 
salts are uniform mixtures 
with a guaranteed cyanide 
content. 


STABILITY: Du Pont salt 
baths have a low rate of de- 
composition. Bath activity 
is easily maintained with 
moderate replenishment. 


E. 1. 0u Pont of Nemours & Company, 
The & H. Chemicals Department 


ECONOMY: A result of un- 
usual stability and efficiency 
in operation; low rate of re- 
plenishment and small 
dragout losses. 


SERVICE: Our trained met- 
allurgists are at your call to 
cooperate with you in the 
solution of any liquid bath 
problems. Just call or write 
our nearest office. 


Plan to visit the du Pont exhibits 
at the Golden Gate International 


E: 


xposition in San Francisco and at 


the New York World's Farr. 


Inc. 


Wilmington, Delawore 
District Sales Offices: Baltimore, Boston, Charlotte, Chicago, chitin. 


Kansas City, 


Nework, New York, Philadelphia, Pittsburgh, Son Francisco 
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of equivalent radium it would be 
one of the most important dis- 
made. As a single 
instance of its application, the 
thyroid gland is known to have 
the 
iodine. 
iodine radioactive in such a way 
that it decays with a mean life 
of about 25 min. 
sion of ordinary electrons. 


coveries ever 


property of assimilating 


It is possible to render 


with the emis- 
Thus 
radioactive iodine injected into 
the body will tend to be localized 
in the thyroid gland. Also the 
atom resulting from the emission 
of the electron is no longer radio- 
active and peculiarly inert chem- 
ically; this removes 
hazard from the treatment. 
similar way phosphorus and eal- 


any possible 
In a 


cium which are bone constituents 
may be rendered radioactive, and 
enable the physician to localize 
radioactivity in the struc- 
ture. 

The the 
closely associated field of physi- 
ology are of equally great inter- 
est. As it to detect the 
presence of a very minute num- 


bony 


applications in 


Is easy 


radioactive atoms among 
of the ordinary 
of the ele- 


ber of 
a great number 
characteristic 
it is possible to prepare 


variety 
ment, 
samples of elements that retain 
identity and may be fol- 
through physiological 
It has been reported 
radioactive car- 
be prepared. 
molecules of 
can 
the 


and 


their 
lowed 

reactions. 
that 
bon 
These 

organic 
then be followed 
body, opening up a 
highly important field of biologi- 


long-lived 
atoms can 
may torm 
compounds which 
through 
new 


cal research. 
Radioactive 
may also be used in metallurgy 
and the physics of solids to study 
the atoms through 
single and and 
along erystal boundaries. Studies 


“tracer atoms” 


diffusion of 
crystals across 
of this sort under various condi- 
tions of temperature and strain 
should clarify many of the prob- 
lems that are now presented by 
the solid state and lead to alloys 
with more desirable properties 
for various applications 
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Me” New High- -Precision Unit 


ANNOUNCING for X-Ray Diffraction 


More Compact, More Versatile, Completely Safe 


71TH the new precision-built Model General 

Electric fulfills the increasing demands of indus- 

trial science for a compact. versatile. safe apparatus for 

application of x-ray diffraction methods to a multitude 
of industrial and research problems. 

The XRD embodies features which satisfy the most 
rigorous specifications for precision research and con- 
trol without sacrificing the requirements for safety. 
convenience, simplicity, compactness, flexibility, ease 
of operation, and adaptability that make for econom- 
ical application of a method offering great advantages 
to the chemist and metallurgist. Tedious labor involved 
in mounting specimens, registering diffraction patterns, 
and operating the apparatus has been largely elimina- 
ted in the design of this new G-E \-Ray unit, thus al- 
lowing the operator to spend his time planning research 


routine, preparing specimens, and interpreting results. 


ALL electrical parts ure completely enclosed, to pros idle 
the ultimate in electrical safety. And yet the energizing 
equipment is capable of operating the most powerful 
vray diffraction tubes commercially available today. 
Built primarily to provide long. reliable, economical 
service. the little details which make for conveniences 
such as the electric clock wired into the eireuit for 
timing e\posures. and the rubber-tired casters which 
make it easy to move about—have not been forg votten. 
In fact there are dozens of them which the industrial 
scientist will recognize instantly. and appreciate even 
more as he uses the unit. 


A new catalog des ribing the G-k Model \RD and 


accessory and including much valuable infor- 


mation concerning the possible applications of x-ray 
diffraction, is just off the press. Write for Your Copy 
today. Just ask for Publication Neo. 135, 


GENERAL ELECTRIC X-RAY CORPORATION 


2012 JACKSON BOULEVARD CHICAGO, ILLINOIS 
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HEAT 


THE best news about Pyrasteel is its reason- 
able cost in relation to its length of service at 
high temperatures. In terms of heat-hours, it 
is less expensive than cheaper materials, and 
lasts longer than more costly heat-resisting 
alloys. 


It is furnished in the proper grade to meet 
your heat conditions, so that you do not need 
to buy a high-priced alloy to give adequate 
service under average working temperatures. 
PYRASTEEL = 14 is specially developed for 
this wide range of “borderline” applications 
around 1400 F. It resists oxidation at this 
temperature, as well as the corrosive attack 
of many chemicals. It is the ideal moderate- 
priced alloy for heat-resisting parts used in 
heat treating furnaces and similar equipment. 


APPLICATIONS — Specify Pyrasteel 
for annealing and carburizing boxes, heat 
treating fixtures; lead, salt and cyanide pots, 
pusher’ trays, grids and many other parts. 


Be sure to investigate the economies of 


PYRASTEEL =14 — Bulletin on request. 


CHICAGO STEEL FOUNDRY COMPANY 
3701 South Kedzie Avenue, CHICAGO, ILLINOIS 


MAKER YF ALLOY T l R OVER ¢ YEAR 


Fretting Corrosion 


(Continued from page 468) heard as faint clicks. 

Surfaces of clean brass against hardened steel 
both appeared to be corroded, but it seemed pos- 
sible that all the red debris might have been 
detached from the brass and merely plastered over 
the steel. However it proved impossible to remove 
the corrosion effects with a knife. There is little 
doubt, therefore, that the soft brass has been able 
to fret its way into hard steel. 

In order to control better the amount of slip, 
and to study the effect of variable pressures, a 
device was constructed which caused small oscilla- 
tions of a 2's-in. sphere or a blunt cone between 
two loaded horizontal plates. Magnitude of motion 
under the sphere increases from zero at the direct 
center of contact, and after all experiments there 
was a central unaffected spot (where surface 
motion was elastic) and a sharply defined annular 
fretted zone where the tangential displacement 
involved some slip. Other experiments with the 
blunt cone indicate that there is no kind of pro- 
portionality between the pressure and the damage 
to the surface, and that the effect is independent of 
the speed of reversal. 

A series of tests has been carried out in which 
only the nature of the material has been varied. 
The materials included hardened steel, mild steel, 
stainless steel, brass, nickel, chromium, “Y” alloy, 
and glass. In every case 100,000 reversals of slip 
on the order of 1X10 in. produced visible corro- 
sion. In the case of glass the term “corrosion” is 
hardly appropriate. The appearance of the glass 
plate under the microscope is that of small glitter- 
ing patches with no sign of corrosion debris. 

The first point of general interest in these 
experiments is that there is not a single instance ot 
no corrosion. The “Y” alloy versus chromium 
plate comprise a very soft and an extremely hard 
metal in contact, and there is litthe doubt that the 
chromium has been fretted away. 

The combinations in which one material is 
brass definitely produce the minimum amount ot 
corrosion, while stainless steel in any combination 
appears to be the worst material in this respect. 

A similar series of tests has been made of the 
corrosion of a variety of pairs of different mate- 
rials lubricated with castor oil and with a high 
pressure lubricant. These lubricants reduce the 
rate of corrosion, but do not prevent it. 

The results of the investigation are not as 
encouraging as would be desired. If the theo- 
retical conclusions are valid, the corrosion must be 
placed in the class of molecular phenomena and 
as such may have to be regarded as being inevitable 
like cohesion or friction. 
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iy reasons for Kelvinator’s choice 
of a G-E 


brazing refrigerator subassemblies are 


roller-hearth furnace for 


found in the following general benefits: 


Increased life of subassemblies and reduced 
service costs because of greater strength 
of the finished product. 


Reduced production costs because of sav- 
ngs in time, material, weight, rejections, 


nd inspection. 


High productivity because many joints in 
each assembly can be brazed at one time 


Flexibility because light and heavy parts, 
ind like and unlike metals, can be joined 


Other benefits: Clean, bright surfaces, uni- 
m tightness, and excellent appearance. 


YOU CAN GET THESE ADVANTAGES 


neral Electric builds a complete line 


TURNS G-E FURNACE 
BRAZING FOR IMPROVED PROCESSING 


of brazing furnaces there's a type and 
size that wil] meet your requirements 
The long life of the heating elements 
and other furnace parts and the low 
current consumption made possible by 
generous heat insulation make these G-E. 


furnaces very economical to operate 


If you wish, you can check the possi- 


bilities of electric-furnace brazing on 


your own samples in our Industria! 
Heating Laboratory. Get in touch with 
a G-E heating specialist he will make 


arrangements for you. 


WRITE FOR BOOKLET—-NOW BEING PRINTED 


Send your name to General Electric, 
Dept. 6 201, Schenectady, N. Y., and 
we ll mail you a 50-page booklet ‘How 
and Where to Use Electric-furnace Braz 
GEA-3193) as soon as copies are 


available 


ing” 


See the G-E “House of Magic” at Both Fairs 


GENERAL ELECTRIC PROVES FURNACE PERFORMANCE BY LABORATORY TESTS 


GENERAL ELECTRIC 


ROLLER-HEARTH TYPE 


This furnace used by Kelvinator 
has good operating economy. low 
maintenance. and wide adaptabil 
ity. Charging and discharging of 
work 


automatic 


Other Types of G-E Brazing Furnaces 


BOX TYPE 


Lacellent for small 


scale of intermittent 
furnace brazing. Can 
also be used tor 


scale-free hardemng 
and bright annealing 


MESH BELT 


Built ter continuous 


production of rela 


tively largequantities 


of werk. there tur 


paces are copper 


brazing and anneal 


aneous 


ing misce 


assemble 
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ods already well developed in other established 


q ‘o mf rol rT) f Lea al industries, so an enlightened management can 


protect its workmen adequately. The benefits 

to man of such steels may be obtained without 
(Continued from page 463) likely to be a health any great danger to his health. 
hazard, but in the manufacture of lead-bearing A succeeding article will treat the problems 
steels there is a much lower exposure, and raised by lead in the plants of the users, during 
therefore less of a health hazard, than that such operations as welding, burning and han- 
Which exists in many other industries. The lead dling. It will show that the health hazard is 
can be controlled at relatively low cost by meth- limited and can be controlled at little cost. 
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